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The first section of this part describes the sandwich-like bis(phthalocyaninato)-
lanthanide(III) qpmplexes LnDPc�(R)8]2 (Ln = Eu or Gd; R = H, n-C^His or OC5H11), 
which have been prepared by treating Ln(acac)3 nH2O with dilithium phthalocyaninate 
or with the corresponding disubstituted phthalonitriles in the presence of DBU. The 
spectroscopic and electrochemical properties of the substituted bis(phthalocyaninato) 
complexes have been investigated and compared with those of the unsubstituted 
analogs. The MALDI-TOF and ESI mass spectrometry have been employed to 
unambiguously characterize this novel class of compounds for the first time. 
Synthetic studies of 2,3-naphthalocyanines are described in the second section. 
General pathway to the symmetrically alkylated 2,3-dicyanonaphthalenes, namely, 2,3-
dicyano-1,4-dimethylnaphthalene and 2,3-dicyano-5,8-dihexyl-1,4-dimethylnaphthal-
ene has been developed. The dinitriles have been converted into the corresponding 
metal-free and zinc 2,3-naphthalocyanines. Syntheses of silicon 2,3-naphthalo-




Since the discovery of electrochemically generated multicolor response in a 
solid film of bis(phthalocyaninato)lutetium(III) (1) in 1970/ there has been a growing 
interest in the sandwich-like bis(phthalocyaninato) metal complexes. Subject to certain 
electrochemical potentials, the compounds can display a wide range of color as shown 
below. 
^^^¾^^^^ 
^ ^ v ^ 
^ ¾ 
1 
[Lu(Pc)2]+ Lu(Pc)2 [Lu(Pc)2]- [Lu(Pc)2]2-
Red < Green > Blue > Purple 
+1.0 V O.OV -0.8V -1.2V 
(With reference to SCE) 
Apart from the electrochromic behavior,^ this class of compounds also exhibits 
unusual electrical,^ magnetic,^ and mesogenic^ properties. Most of the studies so far 
focused on the unsubstituted bis(phthalocyaninato) complexes, in particular of lutetium. 
It can be envisaged that by introducing substitutents on the periphery of the phthalo-
cyanine ring rationally, the intrinsic properties of the molecule can be altered which may 
eventually tailor the bulk characteristics of the material. Substitution may also increase 
the solubility of complexes which facilitates the fabrication of homogeneous films by 
either casting or Langmuir-Blodgett (L-B) technique. The synthesis of substituted 
bis(phthalocyaninato) metal complexes and the examination of their physical properties 
are thus of much current interest. 
Recentl^, several reports on substituted bis(phthalocyaninates)^"^ have 
appeared. For example, the sandwich complexes Lu[Pc\OCnH2n+i)8]2 (n > 8) (4) 
were prepared by treating anhydrous Lu(OAc)3 with the dianions of substituted 
phthalocyanines 3,^^ which were generated in situ by treating the corresponding metal-
free substituted phthalocyanines with potassium amylate in amyl alcohol (Eq. 1). An 
alternate synthetic pathway to the sandwich complex 4 (n = 12) was reported by Andre 
5c 
and co-workers which involved the condensation of phthalonitrile 2 (R = OC12H25) 
with Lu(OAc)3 in the presence of DBU in 1-hexanol (Eq. 1). Substituted mono-
(phthalocyaninato)lutetium complex Lu[Pc'(OC12H25)8](OAc)2 was formed as by-
product which could be separated by column chromatography. This class of sandwich 
complexes formed ordered columnar liquid crystallize state over an extended range of 
temperature. 
. ¾ ^ - - < ^ ^ 
R ^ v c N DBu ^ ^ r ^ ^ R � 7 � 
T T ^ R Lu ^ N U2 N (1) 
R & N - ° - ^ W L _ \ + + R 
^ ^ ^ - ^ • ^ 
2 4 R = OC„H2„+i 3 
L'Her and co-workers prepared a series of symmetrical and unsymmetrical 
lutetium sandwich complexes of substituted phthalocyanines and 23-naphthalocyanine 
by treating Lu(OAc)3 with substituted Li2(Pc) and Li2(Nc)7 The HOMO-LUMO gap 
of this series of compounds, which is related to the thermal activation energy for the 
conduction process, was studied by cyclic voltammetry. Bis(2,3-naphthalocyaninato)-
lutetium(III) (5)，having linearly annulated benzene rings, had a HOMO-LUMO gap of 
0.28 V which is'the narrowest ever reported for this class of compounds7^ ‘ 
^ |^2^ ^ ^ ^ ^ _ _ ^ N r - -< j J^^^ 
^ / ^ 
^ k ^ ^ ^ 
< a ^ : ^ ^ i ^ 
5 
By heating Ln(OAc)3.4H2O (Ln = Yb or Lu) with metal-free phthalocyanine 
Pc'(OC4H9)8]H2, Takahashi and co-workers also synthesized the corresponding 
sandwich complexes of which the electrochemistry was examined.® The cyclic 
voltammograms of the resulting sandwich complexes showed one redox couple in the 
oxidation side and two redox couples in the reduction side. Those wave shapes (peak 
separation of anodic and cathodic peaks: 60 < AEp < 80 mV; peak height ratios are 
almost unity) suggested that all of them were one-electron redox process with good 
reversibility. The solutions of both complexes changed color from green to yellow in 
oxidation, and to blue in reduction. 
The spectroscopic and electrochromic properties of the L-B films of several 
substituted bis(phthalocyaninates) were also reported.^ Stable L-B films of heavy rare-
earth metal (Ln = Er or Lu) complexes of mixed or asymmetrically substituted bis-
(phthalocyaninates) were prepared by Yamada and co-workers.^^ Sandwich complexes 
9 (Ln = Er or Lu), having two different phthalocyanine macrocycles were obtained by 
reacting the dianion of phthalocyanine (PcR4)U2 (R = OC3H7) (8) with mono(phthalo-
cyaninato)lutetium complexes Ln(PcR 4)(OAc)2 (Ln = Er or Lu; R, = r-C4H9) (Eq. 2). 
、 � # K 
R ^ ^ C N Ln(PcR.4)(OAc)2 ¢ ^ ^ ^ ^ ^ ^ ^ ^ ^ ¾ ^ 
t X — — — ^ - ^ ^ w � 
^ 5 ^ - ^ ¾ ^ . . 
6 8 9 R = OC3H7； R' = /-C4H9 
The mixed sandwich complexes 10 having different kinds of isoindoIe unit 
incorporated randomly were also prepared by the reaction of an equimolar mixture of 
phthalonitriles6 (R = OC3H7) and 7 (R, = r-C4H9) with Ln(OAc)3 (Ln = Er or Lu) 
(Eq. 3). These complexes with higher solubility in common organic solvents were 
found to be good L-B materials. Multicolor electrochromism, ie., green, brown-red, 
blue, and purple, was observed in the L-B film system in contact with an aqueous 
electrolyte. When an increasing positive voltage was applied to the film, the Q-band 
absorptions decreased in intensity and shifted to longer wavelengths. Also, the band at 
460490 nm was red-shifted, indicating a color change. 
^ ^ x ^ - < ^ ^ 
^ T + X T ^ . ^ ^ ^ & ^ (3) 
^ C N ^ ^ C N ^ ^ ^ ^ " ^ S ^ 5 ^ 
6 7 lOX = R o r R ' 
Electrcx:hromic behavior^^ and spectroscopic characterization^^ of the L-B films 
of a series of bis(phthalocyaninato)lanthanide complexes Ln(Pc^)2 [Ln = Pr, Sm, Eu, 
Tb，Ho, Er, Tm or Lu; Pc = Pc(r-C4H9)4] were reported by Aroca and co-workers. 
The lanthanide sandwich complexes were formed by heating the lanthanide salts 
(LnX3) with e i ^ t equiv. of 4-r-butylphthalonitrile to ca. 290 °C via the mono(phthalo-
cyaninato)lanthanide complexes ( L n P c ^ . Early rare-earth elements (REE) formed 
LnPc^X after 5-10 min, while the heavy REE required 1-1.5 h. Prolonged heating was 
used to convert LnPc^X to LnPc^2 (green product) and then to LnHPc^2 (blue product). 
The rate of green to blue bis(phthalocyaninates) conversion depended on the nature of 
metal. For instance, 3 h of heating was adequate to produce LnHPc^2 (Ln = Gd, Tb, 
Ho, Er, Tm or Yb). The blue product of lutetium bis(phthalocyaninate), however, 
required 6-8 h of heating at ca. 300 °C. 
In this part, an extension of this work is provided. The synthesis, spectroscopic 
characterization, and electrochemistry of the relatively little studied europium and 
gadolinium sandwich-type complexes of octasubstituted phthalocyanines are described. 
1.2. Preparation of Substituted Phthalonitriles 
The substituted dinitriles, 4,5-bis(pentyloxy)phthalonitrile (13) and 4,5-di-
heptylphthalonitrile(l 6), were prepared with modified literature procedures.^^Dinitrile 
13 was prepare(i through three steps from catechol (Eq. 4). Bromination of catechol in 
either acetic acid ^  ^ or tetrachloromethane^ ^ produced 4,5-dibromocatechol (11) in 55 
and 91% yield, respectively. Due to the low solubility of 11 in non-polar tetrachloro-
methane, the latter condition simplified the work-up procedure in which 11 was 
collected by simple suction filtration. 
aOH Br2 ‘ '^v,^^^J>V^O" C:5H11I,K2CO30r 
OH AcOH o r C C l f B r ^ ^ ^ ^ ^ O H C5HnBr.NaOCH3 > 
11 
B ^ Y ^ O C s H n cuCN> ^C^^^OCsHn 
B r A ^ O C 5 H 1 1 " ^ ^ N C ^ ^ O C 5 H 1 1 � 
12 13 
l,2-Dibromo-4,5-bis(pentyloxy)benzene (12) was obtained from 0-aIkylation 
of 4,5-dibromocatechol (11)，either by reacting 11 with sodium methoxide and 1-
bromopentane in dimethylformamide or by treating 11 with potassium carbonate and 1-
iodopentane in acetone (Eq. 4). Both reactions gave the desired product in high yields. 
Dibromide 12 was then converted into 4,5-bis(pentyloxy)phthalonitrile (13) in 35% 
yield by the Rosenmund-von-Braun reaction. ^^  To prevent the formation of copper 
phthalocyanine,iob,c only a slightly excess of copper(I) cyanide in dilute solution was 
employed. 
The synthetic route to 4,5-diheptylphthaIonitrile (16) is shown in Eq. 5. 1,2-
Diheptylbenzene (14) was prepared by the nickel-catalyzed coupling reaction of 1,2-
dichlorobenzene and the w-heptylmagnesium bromide. Using a slightly excess of 
heptylmagnesium bromide enhanced the formation of 14. Bromination of 14 in 
dichloromethane gave l,2-dibromo-4,5-diheptylbenzene (15) in 50% yield. A catalytic 
amount of iodine and iron powder was also added to promote the reaction. Bromination 
in a polar solvent such as dichloromethane will diminish the substitution of benzylic 
protons through the possible radical pathway. Upon the treatment with copper(I) 
cyanide in dimethylformamide, 15 was converted to 16 in 50% yield. 
, ^ ^ ^ ^ ^ n-C7H15MgBr f^:^^^S^C7Hl5 Br2, caL Fe. I, 
I >- >-
^ ^ C i NiCl2(dppp), Et2O ^ ' ' > ^ ^ O j H i s 0 � C , CH2Cl2 
14 
B ' Y ^ C ' H i s C u C N ^ N C ^ ^ ^ C 7 H 1 5 
B r A A c , H , 5 " ^ ^ N C - ^ ^ C , H , s ( � 
15 16 
1.3. Condensation of PhthaIonitrile 
The unsubstituted lanthanide(III) bis(phthalocyaninates) Ln(Pc)2 are usually 
prepared by self condensation of phthalonitrile with lanthanide salts in the solid 
state.4c,i4Bases such as DBU/^scdium carbonate/^and potassium methoxide^^can 
also be employed to induce cyclization. But in some cases, the anions [Ln(Pc)2]_, 
instead of the neutral complexes, were isolated as the sole product.^^' ^ ^ These synthetic 
methods usually give the product in low yields and require lengthy purification 
procedures. We found that the europium(III) and gadolinium(III) bis(phthalocyanin-
ates) Ln(Pc)2 [Ln = Eu (17) or Gd (18)] can be prepared in moderate yields by treating 
Ln(acac)3.nH2O (Ln = Eu or Gd) with Li2(Pc) in 1,2,4-trichlorobenzene (TCB). (Eq. 
6). The UV/VIS spectra of the crude products obtained after chromatographic 
purification showed two broad signals at ca. 640 nm and 670 nm in the Q band 
absorption region of phthalocyanines. The former band assignable to the species 
LnH(Pc>2 or [Ln(Pc)2]" diminished^'^^ while the latter band assignable to the neutral 
Ln(Pc)2 increased in intensity during further purification. It suggested that the species 
LnH(Pc)2 or [Lifi(Pc)2]" might be the primary product which converted slowly to the 
corresponding Ln(Pc)2 in air (Eq. 6). The UV/VIS spectra of compounds 17 and 18 
were virtually identical to those reported in the literatures.^^^'^^ 
U2(Pc) Oo 
Ln(acac)3 • nH^O �� > LnH(Pc)2 or [Ln(Pc)2]_ ——^ Ln(Pc)2 (6) 
17 Ln = Eu (32%) 
1 8 L n = Gd(25%) 
1.4. Condensation of Substituted Phthalonitriles 
In attempts to synthesize the substituted analogs of Ln(Pc)2, the dilithium salt of 
2,3,9,10,16,17,23,24-octakis(pentyloxy)phthalocyanine Li2PcXOC5Hn)8] was 
prepared by treating 4,5-bis(pentyloxy)phthalonitrile (13) with lithium metal in amyl 
alcohol. The electronic spectrum of the resulting green solution showed bands which 
are characteristic of metal phthalocyaninates [X^ax (nm) in CHC^: 355 (B band), 675 
(Q band)]. The dilithium salt generated in situ was then treated with Eu(acac)3. nH2O in 
refluxing TCB. The reaction gave a significant amount of metal-free phthalocyanine 
PcXOCsHi 1)8]H2 with no indication of the formation of the sandwich complex. 
The substituted lanthanide bis(phthalocyaninates) Ln[Pc�(R)8]2 (Ln = Eu or Gd; 
R = OC5H11 or n-C7H15) (19-22) can however be prepared in good yields by treating 
the corresponding phthalonitriles with Ln(acac)3 nH2O (Ln = Eu or Gd) and DBU in 
amyl alcohol (Eq. 7). The reactions gave small amounts of metal-free phthalocyanines 
as the side products which were separated readily from the sandwich complexes by 
column chromatography and were characterized with UV/VIS spectrometry {Xmax (nm) 
in CHCl3: 348, 602’ 636，664 and 702 for [Pc'(OC5Hn)8]H2: 344, 610, 644, 672 
and 708 for [Pc Xw-C7H 15)8¾]} • 
1^  R 
- ¾ ^ ^ - ^ ! ^ ^ 
R « ^ ^ ™ DBU ^ ^ ^ j f ~ ^ ^ 
+ Ln(acac)3 • nH2O ^ ^ Ln O � 
R > ^ ^ C N C5H11OH ^ ^ . ^ f x (7) 
. - 0 ® $ ^ ^ 
" ^ ^ . 
R. 
i 3 R = OC5H11 19Ln = Eu, R = OC5H11 (79%) 
2 0 L n = Gd, R = OC5Hn (75%) 
16 R = n-C7H15 2 1 Ln = Eu, R = A2-C7H15 (72%) 
2 2 L n = Gd, R = w-C7H15 (68%) 
The mass spectra showed that the lanthanide complexes 19-22 were essentially 
pure (see below). However, satisfactory elemental analyses of these sandwich 
complexes could not be obtained even after repeated column chromatography and 
recrystallization. As mentioned earlier7^'^^ this is quite usual for this class of 
compounds. Nevertheless, the compounds were unambiguously characterized with 
various spectroscopic methods including ^H NMR, UV/VIS/NIR, IR, MALDI-TOF-
MS and ESI-MS. 
1.5. Spectroscopic and Electrochemical Properties 
i f i NMR Spectra. — It is well documented that the sandwich complexes 
Ln(Pc)2 can be formulated as Ln^^(Pc^")(Pc ").^^ Due to the presence of unpaired 
electron’ they a'fe usually NMR silent. L'Her and co-workers have recently shown that 
by adding hydrazine hydrate (1% v/v) to solutions of lutetium sandwiches in deuterated 
dimethylformamide (DMF-^7) or dimethylsulfoxide (DMSO-尚)，satisfactory NMR 
data can be obtained because the paramagnetic neutral species are reduced to the 
corresponding anions in which both of the macrocycles are diamagnetic dianion.^^'^^ 
By using a similar strategy, we could obtain ^H NMR spectra of the europium 
complexes 19 (Fig. 1) and 21 (Fig. 2). As these complexes are only sparingly soluble 
in DMSO-办，the spectra were measured in CDCl3 and DMSO-尚（v/v 1 : 1) in the 
presence of ca. 5% (v/v) hydrazine hydrate. In Fig. 1, the downfield broad band at 6 
10.64 is attributed to the sixteen ring protons in {Eu[Pc'(OC5Hu)8]2}- whilst the 
broad band at 6 4.16 ( 0 0 ¾ ) , multiplet at 6 2.70-2.86 (OCH2CH2), quintet at 6 2.32 
(OCH2CH2CH2), sextet at 6 2.02 (CH2CH3)�and triplet at 6 1.42 {CH3) are ascribed 
to the sixteen pentyloxy side chains. Similarly, the broad signal at 6 11.06 in Fig. 2 is 
due to the ring protons of {Eu[Pc,(w-C7Hi5)8]2}: The remaining bands in the region 6 
1.23-4.31 can be assigned to the sixteen heptyl groups. All of these signals were not 
observed in the absence of hydrazine hydrate. The gadolinium complexes 20 and 2 2 
are NMR silent due to the strong paramagnetic nature of the metal center. 
UV/VIS/NIR Spectra. — The electronic spectra of 19-22 were similar to those 
of other lanthanide(III) bis(phthalocyaninates) and could be assigned similarly7^'^'^^ 
Fig. 3 gives a typical UV/VIS/NIR spectrum of compound 22，which shows two B 
bands at 329 and 355 nm, a Q-band at 686 nm and two jt-radical anion bands at 492 
and 925 nm. Interestingly, the splitting of the B bands has rarely been observed 
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previously. A broad NIR absorption peaking at 1633 nm was also observed which 
could be attributed to an intramolecular ring-to-ring charge transfer, from dianion to 
radical anion?^ 
� 
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The electronic spectral data for compounds 19-22 are summarized in Table 1. 
The data for unsubstituted 17 and 18 are also included for comparison. It can be seen 
that all of the absorptions are red-shifted when substituents are introduced onto the 
macrocycles. For example, the Q band is red-shifted by 7-8 nm in compounds 19 and 
2 0 o r 16-19 nm in compounds 21 and22. It is also worth noting that the lower-energy 
NIR band of the europium complexes appears at longer wavelength than that of the 
corresponding gadolinium complexes. The compounds 17 and 18 also give a lower 
energy charge transfer band compared with the Dy (1536 nm), Tm, Yb and Lu (1530 
21 
nm) analogs. These are consistent with the results reported recently showing that for 
22 23 
Ln(P0r)2 and Ln(Pc)(Por) (Por = general porphyrinato dianion), when the ionic 
radius of the central metal ion increases, the absorption maximum of the NIR band is 
shifted to longer, wavelength. 
% 
Table 1 The UV/VIS/NIR data for bis(phthalocyaninato)lanthanide(III) complexes in 
CHCl3 
Compound >^隱丨 nm (log e) 
17 322, 461, 605, 671，906, 1406, 1607 
18 323, 459, 605, 670, 910，1410，1573 
19 337 (4.89)，371 (4.96)，492 (4.51), 613 (4.43)，679(5.01), 906 br, 1693 br 
20 337 (4.95), 371 (5.02), 490 (4.54), 612 (4.47), 677(5.09), 911 br, 1674 br 
21 331 (5.03), 357 (4.94), 497 (4.47)，618 (4.54), 690(5.09), 922 br, 1677 br 
22 329 (4.99), 355 (4.92)，492 (4.47)，616 (4.49)，686(5.09), 925 br, 1633 br 
IR Spectra. — The IR spectra of compounds 19-22 showed three medium to 
strong bands in the region 2848-2965 cm"^ which are due to the C-H stretching 
vibrations of CH2 and CH3 groups in the side chains. A medium band at 1456 cm"^ 
appeared in each of these spectra which is attributed to the isoindole stretch. The spectra 
also displayed two characteristic bands for lanthanide bis(phthaolcyaninates) in the 
regions 1315-1320 and 756-762 cm"\^^'^^^ For compounds 19 and 20，two bands at 
1272-1276 and 1044 cm"^ also arised which can be assigned to the asymmetric and 
symmetric C-0-C stretch, respectively. 
MALDl-TOF and ESI Mass Spectra, --- Compounds 19-22 were mass-
measured using two newly developed desorption;'ionization techniques, namely matrix-
assisted laser desorption/ionisation (MALDI) and eIectrospray ionisation (ESI). Fig. 4 
shows a typical positive-ion MALDI time-of-flight mass spectrum of compound 19 
using pretreated all-^rowj-retinoic acid as matrix. Poly(ethyIene glycol) was used as 
internal caIibrant. Apart from the envelop of peaks originated from the poly(ethylene 
glycol), intense-ion signal corresponding to the intact singly-charged molecular ion was 
observed. Ion signals with mass-to-charge ratio less than 500 were commonly 
attributed to the ions derived from the matrix materials. In all cases, the molecular ion 
was either the most abundant high mass ion or the only high mass ion present in the 
mass spectrum. Because of the low resolution of the time-of-flight mass spectra, only 
average molecular mass can be assigned which are tabulated in Table 2. 
a.i. 一 
o^ 





- * * 
• * 
Q 4K^ • "�nllllJUUMiiik 
1 I 1 I I * I r~i I r~i r~T—j—*—i—i—*—|—i—i—i—r~|—r~]—*—i—|—i \ ！ 
500 1000 1500 2000 2500 3000 m/z 
Fig. 4 MALDI-TOF mass spectrum of Eu[PcXOC5H11)8]2 (19) *indicates the 
internal calibrant poly(ethylene glycol) 




Ln(Pc')2 Calculated Measured Error Calculated Measured Error 
vaIue^ value (Dalton) vaIue^ value (Dalton) 
19 2555.40 2555.08 0.32 2555.09 2556.31 1.22 
2 0 2559.39 2559.10 0.29 2560.32 2561.30 0.98 
21 2747.98 2747.65 0.33 2747.97 2749.50 1.53 
2 2 2752.99 2752.62 0.37 2753.21 2755.00 1.79 
a Mass corresponding to the most abundant isotopic peak of the molecular ion 
b Mass corresponding to the average molecular weight of the compound 
The ESI mass spectra of compounds 19-22 were measured using a ultra-high 
resolution Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer with 
chloroform as solvent. The molecular ions were essentially the only ion present in the 
mass spectra. Fig. 5 displays the molecular-ion region in the spectrum of 19 in which 
distinct isotopic distribution can be observed. As shown in the top-insert, the relative 
abundance of the isotopic cluster is in good agreement with the simulated spectrum of 
{EuPc'(OC5H11)8]2}+. It is therefore concluded that the observed molecular ions were 
monocations rather than protonated species. The mass spectral results are summarized 
in Table 2. 
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Fig. 5 The isotopic ion distribution of {EuOPc'(OC5H11)8]2}+ (19+) observed in the 
ESI mass spectrum of 19. The top spectrum shows the corresponding simulated 
pattern. 
Electrochemistry. — Cyclic voltammetric studies revealed that compounds 19-
2 2 undergo one reversible oxidation and one reversible reduction. The data are listed in 
Table 3 which also includes the half-wave potentials (E1/2) of related sandwich 
compounds for comparison. The potentials were referenced to the ferrocenium-
ferrocene couple at +0.355 V relative to the saturated calomel electrode (SCE), and the 
reversibility was judged by comparison of the separation between the anodic and 
cathodic potentials at various scan rates with that of the ferrocenium-ferrocene intemaI 
standard.24 
Table 3 Electrochemical potentials of selected lanthanide(III) sandwich complexes of 
phthalocyanines v«y. SCE 
Compound Ei n (red.) / V E1/2 (ox.) / V Reference 
r _ 
19 -0.21" +0.19 This work 
20 -0.20" +0.20 This work 
21 -0.22' +0.17 This work 
22 -0.22^ +0.18 This work 
Yb[PcXOC4H9)8]2 -0.15 +0.26 8 
LuPcXOC4H9)8]2 -0.19 +0.25 8 
LuPc，H4(^C4H9)4]2 -0.17 +0.25 7a 
LuPc,H4(rert-CUH9)4](Pc) -0.13 +0.29 7a 
LuPc2 -0.07 +0.34 7a 
^Recorded with NBu4PF6 as electrolyte in CH2Cl2 (0.1 mol dm ’ at ambient temperature. Scan rate = 
lOOmVs_i. 
It is commonly believed that all of the redox processes in this class of 
compounds occur on the conjugated macrocyclic ligands; the oxidation state of the 
central metal ion does not change.^^'^'^^ Thus by incorporating electron donating 
groups onto the macrocycle, the compound should become more reducing and less 
oxidizing. This is well demonstrated by the E1/2 values of 19-22 obtained (Table 3). 
The eight pentyloxy and w-heptyl groups greatly increase the electron density in the 
macrocycles to roughly the same extent. It is worth mentioning that the difference 
between the oxidation and reduction potentials, which is a good estimate of the thermal 
activation energy for the conduction process in these sandwich complexes,^^ remains 
relatively constant (ca. 0.40 V) in this series of compounds. 
1.6. Conclusion 
^ 
A series of sandwich-like europium and gadolinium complexes of 
octasubstituted phthalocyanines have been prepared. These compounds have been fully 
characterized spectroscopically with various methods including ^H NMR, UV/VIS/NIR 
and IR. In particular, the MALDI-TOF-MS and ESI-MS have been employed to study 
this series of compounds for the first time. Besides, sandwich-like europium and 
gadolinium complexes of unsubstituted phthalocyanines have also been synthesized for 
comparison. 
2. SUBSTITUTED 2,3 NAPHTHALOCYANINES 
2.1. Introduction 
'f 
Linear annulation of macrocyclic phthalocyanines was shown to enhance the 
electrical conductivity of phthalocyanine-based macrocycles, both by theoretical 
2 7 
calculations and by experimental conductivities measurements.^^ By using the 
valence effective Hamiltonian (VEH) non-empirical method, Orti et d. calculated that 
the metal-free naphthalocyanine has a lower oxidation potential and a narrower HOMO-
LUMO energy gap than the metal-free phthalocyanine. ^^ This prediction was consistent 
with the narrower HOMO-LUMO gap (0.28 V) of bis(2,3-naphthalocyaninato)lutetium 
(III) (5) compared with that (0.39 V) of bis(phthalocyaninato)lutetium (III) ( l )7c 
Several reports on the substituent effects on the physical and chemical properties of 
substituted 2,3-naphthalocyanines appeared.^^ Most of the known examples are 
unsymmetrically substituted and coexist with their positional isomers. Compounds 23-
29a c 
2 5 _ represent some of the examples. 
^3 ^ ^ ^ ^ ^ " ^ Ri r ^ 23 R3="C4H9 
^ = = = = V ^ ^ Y ^ ^ \ ^ M = H2, VO, Zn, Cu. Co, Ni. Pb, SnClj or Mn(OAc) 
> P : ^ t r 
f ^ / \ , 2 4 R3 = l-Adamantyl 
N M N 
> N ^ \ A p M = V O o r C u 
^ ^ ^ W ； 
r V ^ R , ^ = Y \ 2 5 R . = P h 
y ^ ^=5：/^ ^ 3 M = H2. VO. Mn. Cu or Zn 
R3 
Some symmetrically substituted 2,3-dicyanonaphthalenes were reported 
29d e 
previously. . For example, the l,4-dialkyloxy-2,3-dicyanonaphthalenes (24) (R = 
ethyl, propyl, butyl, pentyl or octyl) were prepared by 0-alkylations of 2,3-dicyano-
naphthalene-l,4-diol (23) with appropriate alkyl iodide (Eq. 8).^ ^® Diol 2 3 was 
produced by treating 2,3-dichloro-1,4-naphthoquinone with sodium cyanides.^^®'^^ 
o OH OR 
|-^^^Y%^f^^ NaCN^ r^""V^S^CN RI x - ^ ^ y ^ ^ ™ 
k^^ls^Cl 1^^ k A ^ C N " ^ ^ U k A c N (8) 
0 OH OR 
23 24 
Dinitriles 2 4 were converted to metal-free naphthalocyanines (10-30%) by 
utilizing lithium metal in pentanol or butyllithium in THF followed by protonation.^^® 
The naphthalocyaninatocopper(II) complex 25 was prepared from the corresponding 
metal-free naphthalocyanine and copper(II) acetate monohydrate in refluxing 1-butanol 
(Eq. 9).29e 
OR 
r^"^V" '^^^^ Li Cu(0Ac)2.H20 
C C ^ C N ^ ^ ^ 1-bu.noI - [Nc(OC:5Hu)8]Cu (9) 
OR 
24 R = pentyl 25 
6,7-Halogenated 2,3-dicyanonaphthalenes (27) (X = Br or C1) were prepared 
by condensation of halogenated 1,2-bis(dibromomethyl)benzenes 26 (X = Br or C1) 
with fumaronitrile in dimethylformamide in the presence of sodium iodide (Eq. 10).^^ 
Halogenated naphthalocyaninatocopper(II) complexes 28 (X = Br or C1) were 
synthesized by fusing 27 in the presence of copper(I) chloride in 1-bromonaphthalene. 
Ammonium molybdate was also used as a catalyst” 
CN 
X y ^ C H B r 2 2 ^ Y W ™ CUC. 
x X ^ C H B r : " ^ " x -^^^-<A:^cN I'b—aphthalene ^ (^^^s)Cu (10) 
26 27 28 
Recently, syntheses of 2,3-dicyano-6,7-dihexyloxynaphthaIene (35) and 2,3-
dicyano-5,8-diheptylnaphthalene (39) have been reported.^^ The dinitrile 3 5 was 
prepared from catechol by the route shown in Eq. 11. Catechol was converted into the 
ether29 by standard 0-alkylation which underwent bromination to yield the dibromide 
30. Treament ^f 3 0 with butyllithium and furan gave the epoxide 31. In a second 
Diels-Alder reaction, 3 1 reacted with tetraphenylcyclopentadienone affording the 
adduct 32. In boiling decaline, 3 2 decomposed giving the intermediate dialkoxyiso-
benzofuran 3 3，which was trapped with fumaronitrile to give the tetrahydronaphthalene 
34. The dicarbonitrile 3 5 was formed from 34 by dehydration using lithium 
bis(trimethylsilyl)amide as a base. 
f ^ O H ’ ^ y O C 6 H i 3 ’ B r ^ ^ ^ O C 6 H i 3 ^ 剛 夂 ( T Y ^ ^ ^ ' ^ ' " 
^ ^ O H ’ ^ ^ O Q H , 3 ’ B r > ^ O C , H , 3 • ^ ^ > l - k ^ 0 C , H , 3 
29 30 31 
0 
P h > A ^ P h Ph 
^ . p h ^ l l V r Y O C 6 H i 3 - i f ^ L / Y Y " ^ " ^ i 
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34 35 
2,3-Dicyano-5,8-diheptylnaphthalene (3 9) was synthesized by the reaction 
pathway shown in Eq. 12. Treatment of 1,2,4,5-tetrabromobenzene with 1 equiv. of 
butyllithium gave a benzyne intermediate which was trapped with 2,5-diheptylfuran 
(36)34 to give the adduct 37. Reductive deoxygenation of 37 with zinc/titanium 
tetrachloride^^ gave 38，which underwent the Rosenmund-van-Braun reaction giving 
thedinitrile39. 
C7H15 BfVjX^Br C7H15 
r ^ B r A ^ B , ( T ^ V ^ B r TiCl4 
0 • 0 • 
^ BuLi k j x > ^ N ^ ; ^ B r Zn 
< ^ H i 5 � C7H15 
36 37 
C7H15 C7H15 
r T " V ^ B r cuCN r " W ^ ^ C N 
C ^ B r ^ V O ^ C N (12) 
C7H15 C7H15 
38 39 
The dinitriles 3 5 and 3 9 were allowed to react with iron(II) acetate and DBU in 
1-hexanol. Following the treatment with /-butylisocyanide in chloroform, the 
naphthalocyaninatoiron(II) complexes 4 0 and 4 1 were obtained.^^ Due to tthe bulky 
axial r-butylisocyano ligands, these compounds did not show aggregation. 
- ¾ ¾ 
a ^ ^ ^ ^ ^ M " ^ ^ . 
R . O ^ C ^ 1^  - ^ -
+ 
4 0 R = H R，= OC6Hi3 
4 iR = w-C7H15 R，= H 
Alvarez and co-workers^^ examined the optical limiting properties of a series of 
phthalocyaninato complexes of A1, Ga, In, Si, Ge, Sn, and Pb. They found that heavy 
atom substituted phthalocyanines are better optical limiters. For example, the 
performances decrease in the order Pb > Sn > Ge > Si. Bis[tri-(AZ-hexyl)siloxy]silicon 
naphthalocyaninate (SiNc) is one of the best optical-limiting dye for nanosecond 532-
3 7 
nm pulses. By introducing heavy atoms onto the naphthalocyanine periphery, it is 
expected that thp compounds will have enhanced optical limiting property. Thus we are 
interested in preparing the corresponding silicon naphthalocyanine from 2,3-dibromo-
6,7-dicyanonaphthalene. The eight heavy bromine atoms will not only improve its 
optical limiting property, but will also allow functionalization of the naphthalocyanine 
with the well established metal catalyzed coupling reactions of aryl halide.^^ This 
section describes such synthetic work and some general methods to substituted 2,3-
naphthalocyanines. 
2.2. Preparation of AIkyl-Substituted Dicyanonaphthalenes 
The synthetic route used to prepare 2,3-dicyano-1,4-dimethylnaphthalene (46) 
was based on the method developed by Hart and co-workers.^^'^^ Bromination of p-
xylene in dichloromethane with five equiv. ofbromine produced 23，5，6-tetrabromo-p-
xylene (42) in 75% yield. Catalytic amounts of iron and iodine were used to promote 
the reaction. Protecting the reaction mixture from light and using a polar solvent 
diminished the substitution of benzylic protons through the possible radical pathway. 
Also, an excess amount of bromine and heating the mixture at 4 0 � C were employed to 
ensure complete substitution of all aromatic protons. The tetrabromide 42was isolated 
from the reaction mixture by precipitation in hexanes and purified by recrystallization 
from toluene. l,4-Dialkyl-2,3,5,6-tetrabromobenzene with longer alkyl chains can also 
be prepared by this simple method,® 
_ _ 
^ _ ^ ® ' Y V ^ ' B u L i > B f y ^ Furan > 
Y Br-^^Y"^Br 一 B r ^ ^ ^ 
• 一 
i 42 43 
1 
: ; X ^ ^ : : ¢ ^ 脊 ； ： ： ^ (13) 
44 45 46 
The tetrabromide 42 was converted to 2,3-dibromo-1,4-dimethylnaphthalene 
(45) according to the literature procedures^^'^^ with minor modifications. Treatment of 
42with butyllithium and furan in a hexane-toluene mixture at - 2 3 � C did not give 6,7-
dibromo-1,4-epoxy-5,8-dimethyl-1,4-dihydronaphthalene (4 4). Instead, a substantial 
amount of starting material 42 was recovered. By condensing 42 with furan at room 
temperature, however, the endoxide 44 was obtained in moderate yield (50%) via the 
benzyne 4 3 (Eq. 13). Due to the low solubility of 42 in hexane, a larger volume of 
toluene was used. Also, 1.5 equiv. of butyllithium was used to enhance the formation 
of the endoxide 4 4. 
I 
2,3-Dibromo-1,4-dimethylnaphthalene (45) was prepared from the endoxide 
44by metal-promoted deoxygenation. By the reaction with titanium tetrachloride and 
zinc in tetrahydrofuran, 44 was converted to the dibromonaphthaIene 4 5 in 70% yield. 
Low-valent titanium deoxygenation is a versatile method for the reduction of 
1,4-endoxides. The deoxygenation of 44 is probably parallelled to that proposed for 
the reduction of epoxide.^^ It is likely that the deoxygenation involves the titanium(II) 
species which is formed in situ from the reduction of titanium tetrachloride with zinc 
dust in tetrahydrofuran (Eq. 14). Then a titanium(III) radical complex A is formed by 
cleavage one of the carbon-oxygen bonds of the endoxide 44. Double-bond migration 
(A to B) followed by reduction of titanium(III) to titanium(II) radical (B to C) gives C, 
which loses titanium (II) oxide to give45. 
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The dibromide 4 5, under the Rosenmund-von Braun reaction^^ conditions gave 
2,3-dicyano-1,4-dimethylnaphthalene (46) in 70% yield (Eq. 13). The ^H NMR 
spectrum of 43 showed a typical AA'BB' pattern at 6 8.18-8.14 and 6 7.84-7.80 
attributable to the four ring protons on the naphthalene skeleton and a singlet at 6 2.95 
due to the six methyl protons. Besides, the infrared spectrum showed an intense 
absorption at 2225 cm" ^  which is attributed to the nitrile stretching. ， 
By applying a similar synthetic route, 2,3-dicyano-5,8-dihexyl-l,4-dimethyl-
naphthalene(51) was prepared as shown in Eq. 15. In order to introduce alkyl chains 
to the naphthalene skeleton at 5 and 8 positions, 2,5-dihexylfuran (48) was prepared 
according to the literature procedure.^^'^^ Deprotonation of furan with one equiv. of 
butyllithium in a hexane-tetrahydrofuran mixture a t -15�C followed by alkylation with 
1-bromohexane at room temperature produced 2-hexylfuran (47) in 75% yield. By 
repeating these processes, 2,5-dihexylfuran (48) was prepared in 75% yield. A 
stepwise deprotonation-alkylation was necessary^^ since one step dialkylation would 
result in a mixture of monosubstituted furan44and disubstituted furan 45. 
严 3 C6Hi3 : ' ^ O C 
rtsA C6H13Br f ^ CeHi3Br ^ ®' | ®' 
0 j *- 0 >- 0 >. 
^ BuLi ^ BuLi ^ Toluene. BuLi 
CeHi3 
47 48 
�6Hl3 I ?6Hi3 I QHi3 
BryS^ ™ V B r ^ V S CuCN— ^^VVS HS^ 
B r ^ V ^ " ^ ^ B r A ^ ^ 請 — N C ^ ' ^ = ^ 
I C6Hi3 QHi3 QHi3 
49 50 51 
As described before, 2,3,5,6-tetrabromo-/7-xylene (42) can be used as a 
benzyne synthon 43. The Diels-Alder reaction of 2,5-dihexylfuran (48) with 43， 
generated in situ from 42 and butyllithium in toluene, produced 6,7-dibromo-l,4-
epoxy-1,4-dihexyl-5,8-dimethyl-l,4-dihydronaphthalene (49) in 50% yield (Eq. 15). 
Elimination of the oxygen bridge followed by aromatization of 49 with low-valent 
titanium in tetrahydrofuran produced 5 0 in 70% yield. Treatment of 5 0 with copper(I) 
cyanide in refluxing dimethylformamide gave 51 in 70 % yield. ； 
In the ^H NMR spectrum of the dinitrile 51，the downfield singlet at 6 7.45 is � 
assigned to the two aromatic protons on the naphthalene skeleton. The singlet at 6 3.01 
is due to the six methyl protons attached to the ring. The triplet at 6 3.11 ( 0 ¾ ) , quintet 
at 6 1.54 (CH2CH2), multiplet at 6 1.30 (0¾) , and triplet at 6 0.87 (CH3) are ascribed 
to the two w-hexyl groups. The infrared spectrum showed an intense absorption at 2226 
cm_i which is attributed to the nitrile stretching. 
2.3. Preparation of Halo-Substituted Dicyanonaphthalenes 
2,3-Dibromo-6,7-dicyanonaphthalene (5 6) was synthesized in high yield by the 
method developed by Luk'yanets et aL. (Eq 16).^^ 1,2-Dibromo-4,5-dimethylbenzene 
(52) was prqiared in 25% yield from c ^ - x y l e n e . " Treatment of 5 2 with N-
bromosucinimide in non-polar tetrachloromethane produced 53,^^ which reacted with 
fumaronitrile and sodium iodide giving the dinitrile 5 6. The reaction probably involved 
the intermediates 54 and 55.^^ 
a 合 : » — 
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2.4. Condensation of AlkyI-Substituted Dicyanonaphthalenes 
In attempts to investigate the effect of alkyl groups on the cyclization of poly-
substituted 2,3-dicyanonaphthalenes, 1,6,10,15,19,24,28,33-octamethylnaphthalo-
cyaninatozinc(II) (57) was prepared in good yield by treating 2,3-dicyano-l,4-di-
methylnaphthalene (46) with zinc(II) acetate in the presence of catalytic amount of 
DBU in 1-hexanol (Eq. 17)45 
f Y V " ^ - ^ C ? ? (17) 
^ ^ Y ^ C N DBU p : D ^ : ^ ^ ^ : ^ 
46 57 
The Q-band absorption maximum of the unsubstituted 23-naphthalocyaninato-
zinc(II) in tetrahydrofuran appears at 756 nm,^^ while that of zinc octamethylnaphthalo-
cyaninate57 was shifted to longer wavelength at 790 nm. Bathochromic shift was 
mainly due to the eight electron donating methyl groups introduced. A better resolved 
electronic spectrum was obtained in toluene [Xmax: 799 (Q band), 762, 715, 438, 350 
(B band) nm] in which 57 has higher solubility. The electronic absorption spectrum is 
characteristic ofmetal naphthalocyaninates. 
The infrared spectrum of naphthalocyanine 57 did not show an intense 
absorption at ca. 1005 cm"^ which was assigned to a N-H deformation mode of the ! 
i 
metal-free naphthalocyanines. In addition, the spectrum did not show bands at ca. ； 
3290 (N-H stretching) and 700 (N-H out-of-plane bending) cm “ ^  indicating the absence � 
of metal-free macrocycle. 57 was not characterized with ^H NMR spectroscopy due to 
the low solubility in common organic solvents. 
Introduction of two hexyl groups onto the naphthalene ring can however 
increase the solubility of the corresponding metal naphthalocyaninates. 
2,5,11,14,20,23,29,32-octahexyl-l ,6,10,15,19,24,28,33-octamethylnaphthalo-
cyaninatozinc(II) (5 8) was prepared in moderate yield by the treatment of 51 with 
zinc(II) acetate in the presence of a catalytic amount of DBU in 1-hexanol (Eq. 18). 
X ^ ™ Zn(OAc), " ^ " ^ ^ ^ ^ ^ ^ N " ^ i ^ ^ " ^ ^ ^ ^ ^ 
W - ^ ^ ^ z ， ^ V 8 ) 
5 1 r 5 8 
The greenish crude product 5 8 was characterized with UV/VIS spectrometry 
P w x (hexane): 812 (Q band), 775, 727, 470, 350 (B band) nm]. It is worth noting 
that the Q band was largely red-shifted comparing with that of the unsubstituted analog. 
This result, together with the bathochromic shift of the Q band of 57, agreed well with 
the previous studies on the effect of substituents on the Q band wavelength of 
octaalkoxy-substituted naphthalocyanines.^^^'® The effect is larger for substitutions 
nearer the tetraazaporphyrin skeleton. Unfortunately, the zinc complex 5 8 was too 
unstable to be further purified by column chromatography. 
The comparatively more stable metal-free polyalkylated naphthalocyanine 59 
can however be prepared and characterized with L-SIM, UV/VIS and ^H NMR 丨 
spectrometry. Metal-free naphthalocyanines are usually prepared by the treatment of ; 
naphthalenedicarbonitriles with sodium isoamylate in isoamyl aIcx)hol^^ or lithium metal •‘ 
^ 
29e 
in long chain primary alcohol, followed by hydrolysis. Demetallation of substituted 
naphthalocyaninatO"magnesium(II)29d or-zinc(II)^^^ with acid have also been reported. 
The metal-free naphthalocyanine 5 9 was prepared by treating 51 with butyllithium in 
1-pentanol (Eq. 19) and purified by column chromatography. 
^ A ^ ^ X ^ ^ C N butyl lithium ‘ ^ ^ " " " " ^ ^ ^ ^ ^ S " " " X ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ " " ~ ^ 
W - " ^ ^ ^ ^ " : > ^ : ^ 5 ^ ^ 脚 
5 1 5 9 I 
The UV/VIS spectrum of 5 9 in chloroform (Fig. 6) showed an intense Q band 
at 842 nm. Large bathochromic shift is not unexpected due to the introduction of eight 
methyl and hexyl groups, as compared with the metal-free analog [X^ax: 780 nm (Q 
band)].49 
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Fig. 7 ^H NMR spectrum of P^c’Me8(«-C6Hi3)8]H2 (5 9) in CDCl3 
The ^H NMR spectrum of 59 (Fig. 7) showed a downfield broad band at 5 
7.36 assignable to the eight ring protons and a broad band at 6 3.25 (ArC"3) for the 
methyl protons. The spectrum also displayed a broad band at 6 3.95 (ArCH2), 
multiplets at 6 1.80-1.65 (ArCH2CH2) and 6 1.55-1.15 {CH2), and triplet at 6 0.92 
(C"3) attributible to the eight hexyl side chains. The high resolution LSI mass 
spectrum showed intense signals due to an overlapping of both molecular ion and the 
protonated species which was supported by accurate mass measurement. 
2.5. Condensation of Halo-Substituted Dicyanonaphthalenes 
It has been shown that metallo-naphthalocyanines having appropriate 
substituents attached to the macrocycle or to the central metal have higher solubility in 
common organic solvents.^^ Trivalent or tetravalent metal naphthalocyanines have 
higher solubility in organic solvents if large axial groups are attached to the metal. 
Group III and IV metal complexes of unsubstituted 2,3-naphthalocyaninate are usually j 
prepared by self-condensation of 2,3-dicyanonaphthalene in the presence of metal l 
hahde in high boiling solvent^^ such as quinoline, l-chloronaphthalene, or tetrahydro- ‘ 
5 2 丨丨 
naphthalene. In some cases, the 2,3-dicyanonaphthalene is converted to the ‘ 
1 
corresponding 1,3-diiminobenz(/)isoindoline prior of cyclization.^^'^^ j 
Nitrile ammonolysis of 2,3-dibromo-6,7-dicyanonaphthalene (56) by bubbling 
dry ammonia and heating with sodium methoxide in methanol was unsuccessful.^^'^^ 
Starting material 5 6 was recovered with no indication of the formation of diiminobenz-
y)isoindoline 6 0. However, by changing the solvent to a dry methanol-toluene mixture 
in which 5 6 has higher solubility, the product 6 0 was prepared in good yield (Eq. 20). 
The formation of product 6 0 was confirmed by infrared and low resolution 
mass spectrometry. Distinct isotopic pattern for the molecular ion was observed. The 
relative abundance of the isotopic cluster was in good agreement with the simulated 
spectrum of the molecular ion. The infrared spectrum showed the characteristic 
stretching frequency of N-H bond at 3261 and 3203 cm'K In addition, the 
disappearance of the characteristic frequency of CsN stretching at ca. 2230 cm'^ was an 
indirect evidence for the formation of product 6 0. 
^ 
NH 
^ ' V ^ V ' ^ ^ ^ NH3 ^ ' Y ' = ^ ^ r ^ ^ V ^ Sici4 
B . A A A c N ^ " B r A ^ ^ ^ N H ^ = ： “ BrsNcSiCl! (20) 
NH 
56 60 61 
Template cyclization of the diiminobenz(y)isoindoline 60 was performed by 
treating it with silicon tetrachloride in dry tetrahydronaphthalene and tri-w-butylamine.^^ 
The isolated solid was grey in color instead of the characteristic dark green color for 
silicon naphthalocyaninates. The UV/VIS spectrum also showed no absorption in the 
Q-band absorption region (700 - 800 nm) of naphthalocyanines. However, by treating 
6 0 with silicon tetrachloride in quinoline at 2 0 0 � C , compound 61 was obtained. The ！ 
deep green solid had very low solubility in a variety of organic solvents which I 
I 
hampered the purification of this compound. The UV/VIS spectrum of 61 in acetone '| 
•丨丨 
showed a broad signal at ca. 750 nm in the Q band absorption region of silicon 1 
naphthalocyaninates. The infrared spectrum showed the characteristic Si-Cl stretching '| 
at472cm_i. 
In attempts to replace the two axial chlorides of 61 by hexyloxy group in order 
to increase its solubility,^^ the naphthalocyaninate 61 was treated with sodium 
methoxide in refIuxing dry 1-hexanol (Eq. 21). Di(w-hexyloxy)silicon octabromo-
naphthalocyaninate 62 was isolated in low yield as dark green solid after 
chromatographic purification on silica gel using chloroform as eluent. The UV/VIS 
spectrum of the crude product 62 showed the characteristic absorption for the Soret 
band and the Q-band at ca. 350 and 780 nm, respectively. As only trace amount of 
product was isolated, satisfactory ^H NMR spectrum of 6 2 could not be obtained. 
~ ^ ^ ^ ^ ^ ^ j i ^ ^ c T o H ‘ (Br3Nc)Si(OQH,3). (21) 
. ^ e ： ^ ^ ' 
“ ' f 
61 62 
Hydrolysis of the naphthalocyaninate 61 was performed by the treatment of 
concentrated sulfuric acid and subsequent reflux in concentrated ammonium hydroxide 
• 5 2 
solution (Eq. 22). The greenish dihydroxysilicon octabromonaphthalocyaninate 6 3 
with two hydroxo groups as axial ligands was collected by simple filtration. Attempts 
to purify it were unsuccessful because of its poor solubility in common organic 
solvents. The UV/VIS spectrum of the crude product 63 in acetone showed a broad 
absorption band for the Q-band at ca. 750 nm. The infrared spectrum showed a strong ； 
1 
band at 1023 cm' which may be assigned to Si-0 stretching. The band at 472 cm"^ , 
assignable to Si-Cl stretching was greatly attenuated. ； 
I 
Si(Br3Nc)Cl, l )H2SO4 • (Br3Nc)Si(OH), (^-C.H,3)3SiCl ’i 
2) NH3(aq) pyridine or 3-picoline, N(n-C4H9)3 j| 
61 63 i 
*l 
I s> 
(Bi"8Nc)Si[OSi(«-C6Hi3)3]2 ( 2 2 ) 
64 
Transformation of the axial hydroxo groups to bulky tri-n-hexylsiloxy groups 
was performed by treating 63 with chlorotri-w-hexylsilane in 3-picoline using tri-w-
butylamine as a base (Eq. 22).^^ The UV/VIS spectrum of the preliminary purified 
product 64 obtained by column chromatography using chloroform as eluent also 
showed the characteristic absorptions of naphthalocyanines [Xmax (chloroform): 780 (Q 
band), 350 (Soret band) nm]. As only trace amount of product was isolated, further 
characterization could not be performed. 
Bis(tri-n-hexylsiloxy)silicon octabromonaphthalocyaninate 6 4 was prepared 
again by employing similar procedure used for preparing the analogous phthalo-
cyaninate.5 ^  Dihydroxysilicon octabromonaphthalocyaninate 6 3 reacted with chlorotri-
«-hexylsilane ih refluxing pyridine (Eq. 22). The residue was chromatographed on 
silica gel using chloroform as eluent. A green band was developed, collected, and 
evaporated. The UV/VIS spectrum showed similar characteristic absorptions for silicon 
naphthalocyaninate. Again, only trace amount of product 6 4 was isolated. 
Attempts to scale up the reaction in order to obtain sufficient product for further 
characterization were not successful. Presumably, the difficulty in purifying the 




A general synthetic route to the symmetrically alkylated 2,3-dicyanonaphthal- .' 
enes was developed which involved the Diels-Alder reaction of furan analogs and I 
benzyne, oxygen extrusion of 1,4-endoxides, followed by the Rosenmund-von Braun 'i 
i! 
reaction. 2,3-Dicyano-1,4-dimethylnaphthalene (46) and 2,3-dicyano-5,8-dihexyl-l,4- ‘ 
j 
dimethylnaphthalene (51) were prepared in this way. The corresponding metaI-free and J 
zinc naphthalocyaninates were also synthesized and characterized spectroscopically. In 
addition, 2,3-dibromo-6,7-dicyanonaphthalene (56) and the corresponding silicon 
naphthalocyaninates were prepared. Due to the poor solubility and low yield of 
reactions, the silicon naphthalocyaninates could not be fully characterized. 
3. EXPERIMENTAL SECTION 
3.1. General Directions 
Amyl alcohol (Merck) and hexanes (Shell, tech.) were distilled from sodium 
and anhydrous calcium chloride respectively. 1-Chloronaphthalene was distilled under 
reduced pressure. Dimethylformamide (DMF) was dried over barium oxide, vigorously 
stirred ovemight and distilled under reduced pressure. Dichloromethane, diethyl ether, 
tetrahydrofuran (THF), and toluene was refluxed under nitrogen for at least 12 h before 
distillation. Dichloromethane were distilled from calcium hydride under nitrogen. 
Diethyl ether and THF were distilled from sodium metal and benzophenone ketyl under 
nitrogen. Toluene was distilled from sodium metal under nitrogen. 1,2,4-
Trichlorobenzene (TCB) (Aldrich) was dried over 4 A molecular sieves and distilled ， 
under reduced pressure. Quinoline was vacuum-distilled from barium oxide. > 
. I 
Chromatographies were preformed on silica gel columns (merck, 70-230 mesh). The ！ 
lanthanide acetylacetonates^^ and dilithium phthalocyaninate [Li 2(Pc)]^^ were prepared ', 
according to the literature prescriptions. All other reagents and solvents used were of :i 
p 
reagent grade and used without purification. '| 
?| 
The ^H and ^^C NMR spectra were recorded on a Bruker WM 250 spectro- j 
meter (250MHz) in CDCl3 unless stated otherwise. Spectra were referenced intemaIly 
1 13 
using the residue solvent ( H) and solvent ( C) resonances relative to tetramethylsilane 
(6 = 0). The UV/VIS and near-IR (NIR) absorption spectra were obtained on a Hitachi 
U-3300 spectrophotometer and a Hitachi U-3100, spectrophotometer respectively. 
Infrared spectra were recorded on a Nicolet 205 FT-IR spectrometer or a Nicolet 550 
FT-IR spectrometer as KBr pellets. MALDI-TOF spectra were recorded on a Bruker 
Bench TOF mass spectrometer equipped with a standard UV-laser desorption source. 
ESI mass spectra and L-SIMS were measured on a Bruker APEX 47e ultra-high 
resolution Fourier transform ion cyclotron resonance (FT-ICR) mass spectrometer. 
Cyclic voltammetry measurements were performed with a Princeton Applied Research 
(Model 273A) potentiostat. The cell used comprised a vacuum-tight chamber fitted with 
inlets for a glassy carbon working electrode, a platinum wire auxiliary electrode and a 
Ag-AgNO3 refdrence electrode. Typically, experiments were carried out using ca. 10 
3 -3 
cm of 0.1 mol dm' tetrabutylammomium hexafluorophosphate in dichloromethane 
containing ca. 2 mg of sample under nitrogen at ambient temperature. 
3.2. Preparation of Substituted Phthalonitriles 
4,5-Dibromocatechol (11). Method 1: In a 500 ml two-necked round-
bottomed flask connected with a condenser, bromine (20.6 ml, 0.4 mol) in glacial 
acetic acid (100 ml) was added dropwise to a clear solution of catechol (22.0 g, 0.2 ^ 
i 
mol) in glacial acetic acid (100 ml) at 0 � C . The light brown mixture was slowly ； 
warmed to room temperature and stirred ovemight. Hydrogen bromide produced and \ 
solvent were removed under reduced pressure with vigorous stirring at 2 5 � C . The < 
brown residue was added slowly to a mixture of ice and water (700 g) with vigorous 'i 
;ii 
stirring. The suspension was allowed to stand for 3 h. The white precipitate was 'i 
f! 
filtered and dried under reduced pressure at 75 °C to give a white solid (40.0 g, 15% j 
yield). The pure product was obtained by recrystallization from benzene as white solid. 
The filtrate was concentrated yielding a second crop of product. (29.4 g, 55%). ^H 
NMR: 6 7.13 (s, 2H, ArH), 5.76 (s, 2H, AiOH). 
4,5-Dibromocatechol (11). Method 2: In a 250 ml two-necked round-
bottomed flask connected with a condenser, catechol (15.4 g, 0.14 mol) was 
suspended in tetrachloromethane (160 ml) and cooled to 0 � C . Bromine (14.3 ml, 0.28 
mol) in tetrachloromethane (20 ml) was added dropwise to the suspension for 4 h with 
vigorous stirring at 0 °C. The reaction mixture was stirred for another 16 h at room 
temperature. The crude product was filtered and washed with cold tetrachIoromethane 
(50 ml). The product was dried under reduced presurre to give a grey solid (34.0 g， 
91%). The product is sufficiently pure for use. 
l ,2-Dibromo-4,5-bis(pentyloxy)benzene (12). In a 250 ml three-
necked r0und-l90tt0med flask connected with a condenser, sodium methoxide (7.02 g, 
130 mmol) was dissolved in dry DMF (25 ml). The mixture was heated gently with 
stirring, then cooled to room temperature. 4,5-Dibromocatechol (11) (17.30 g, 65 
mmol) was added to the solution, then stirred for 1 h under nitrogen at room 
temperature. 1-Bromopentane (19.64 g, 130 mmol) in dry DMF (25 ml) was added 
dropwise through an additional funnel to the solution over 20 min with stirring. The 
solution was then heated at 110 °C for 3 h. The resulting suspension was cooled to 
room temperature and poured into water (400 ml). The aqueous layer was extracted 
f, 
with diethyl ether (3 X 100 ml). The combined brownish organic layers were dried 
^ 
with sodium sulphate and concentrated by rotary evaporator. The brown oil was ！ 
I， 
I, 
distilled under reduced pressure giving a pale yellow liquid (20.96 g, 83%). The 
'I 
product was further purified by column chromatography with chloroform-hexane (1:4 ,^  
v/v) as eluent yielding a colorless liquid (7.39 g, 28%). ^H NMR: 6 7.06 (s, 2H � | 
， ‘！ 
PsxH), 3.94 (t, 7 = 6 . 6 Hz, 4H, 0 0 ¾ ) , 1.81 (quintet, J= 7.1 Hz, 4H, OCH2CH2), f 
1.41 (m, 8H, CH2), 0.93 ( t , 7 = 7 . 0 Hz, 6H, CH3). • 
• V 
l ,2-Dicyano-4,5-bis(pentyloxy)benzene (13). In a 150 ml Schlenk 
tube, l,2-dibromo-4,5-bis(pentyloxy)benzene (12) (7.39 g，18.1 mmol) and copper(I) 
cyanide (4.86 g, 54.3 mmol) were mixed in DMF (44 ml) and refluxed for 7 h under 
nitrogen. The reaction mixture was cooled to room temperature then poured into conc. 
ammonium hydroxide solution (37%, 400 ml). A strong stream of air was bubbled 
through the solution for 6 h. The resulting suspension was filtered and washed 
thoroughly with water until neutral. The blue solid was dried under reduced pressure at 
70 °C. The product was isolated by Soxhlet extraction with dry methanol (150 ml) for 
12 h. After evaporation of the solvent, the product (2.44 g, 45%) was purified by 
column chromatography using with hexane-chloroform (2:3 v/v) as eluent yielding a 
white solid (1.20 g, 22%). ^H NMR: 6 7.11 (s, 2H, Ar//), 4.05 (t, J = 6.5 Hz, 4H, 
OCH2), 1.86 (quintet, 7 = 7 . 1 Hz, 4H, OCH2CH2), 1.42 (m, 8H, CH2), 0.94 (t, J = 
7.0 Hz, 6H, CH3). 
l,2-Dw^w-heptyl)benzene (14). In a 500 ml three-necked round-bottomed 
flask connected with a condenser, the Grignard reagent prepared from magnesium 
(7.29 g, 0.3 mol) and 1-bromoheptane (53.73 g, 0.3 mol) in diethyl ether (150 ml) was 
added dropwise through an additional funnel to a mixture of 1,2-dichlorobenzene (16.8 
g，0.11 mol) and dichloro[l,3-bis(diphenylphosphino)propane]nickel(II) (170 mg, 0.3 
mmol) in diethyl ether (100 ml) at 0 � C . The resulting mixture was brought slowly to 
reflux for 12 h. It was then cooled to room temperature and hydrolyzed with 2N 
hydrochloric acid. The organic layer was separated and the aqueous layer was extracted 
with diethyl ether (3 X 100 ml). The combined organic layers were washed with water , s 
< 
I; 
aqueous sodium hydrogen carbonate solution and again with water, and dried over ' 
k 
calcium chloride. After removing the volatiles, the residue was dissolved in hexane and ! 
i 
passed through a short bed of silica gel. The solvent was removed under reduced 厂 
i 
pressure. The colorless liquid collected was further purified by distillation (b.p. 120 °C / >| 
0.05 mbar) to give a colorless liquid (15.79 g, 46%). ^H NMR: 6 7.12 (s, 4H, MH), 丨丨 
2.59 ( t , 7 = 7 . 8 Hz, 4H, ArCH2), 1.63-1.29 (m, 20H, 0 ¾ ) , 0.90 (t, J : 6.7 Hz, 6H, '| 
C"3). ‘ 
l ,2-Dibromo-4,5-di(w-heptyl)benzene (15). In a 100 ml round-
bottomed flask connected with a condenser, bromine (5.8 ml, 110 mmol) was added 
dropwise through an additional funnel to an ice-cooled mixture of 1,2-diheptylbenzene 
(14) (14.16 g, 51.6 mmol) and, catalytic amount of iron powder (0.08 g) and iodine 
(0.08 g) in dichloromethane (16 ml). The suspension was stirred at 0 � C for 44 h then 
at room temperature for a further 6 h. The mixture was poured into aqueous sodium 
hydroxide {5%) and sodium hydrogen sulphite (5%) solution. The organic layer was 
separated and the aqueous layer was extracted with diethyl ether. The combined organic 
layers were washed with water, dried with sodium sulphate, and evaporated by rotary 
evaporator. The crude product was dissolved in hexane and filtered over silica gel. The 
solvent was removed under reduced pressure yielding a colorless liquid (19.69 g, 
88%). ^H NMR: 6 7.36 (s, 2H, krH), 2.51 (t, 7 = 7 . 8 Hz, 4H, ArCH2), 1.29-1.55 
(m, 20H, CH2X 0.89 (t, J = 6.6 Hz, 6H, CH3). 
l ,2-Dicyano-4,5-di(n-heptyI)benzene (16). In a 250 ml Schlenk tube, 
l,2-dibromo-4,5-di(w-heptyl)benzene (15) (10.20 g, 23.60 mmol) and copper(I) 
cyanide (6.34 g, 70.78 mmol) were mixed in DMF (77 ml) and refluxed for 3 h under 
nitrogen. After cooling, the mixture was poured into conc. ammonium hydroxide 
solution (35%). Strong stream of air was bubbled through the solution for 12 h. The 
reaction mixture was filtered and the solid residue was extracted with diethyl ether (4 X 
50 ml). The combined organic layers were washed with water and dried over calcium 
chloride. The solvent was evaporated under reduced pressure and the resulting liquid 
was purified by column chromatography using a toluene-hexane mixture (3:2 v/v) as ‘ 
!«. 
eluent yielding a light blue liquid (3.76 g, 49%). ^H NMR: 6 7.55 (s, 2H, AiH), 2.67 ) 
i 







3.3. Condensation of Phthalonitrile 丨 
Si 
General Procedure. A mixture of Li2(Pc) (53 mg, 0.1 mmol) and 
Ln(acac)3 nH2O (Ln 二 Eu or Gd) (150 mg, 0.3 mmol) in TCB (10 ml) was refluxed 
for 10 h under nitrogen. The resulting blue solution was cooled and evaporated under 
reduced pressure to give a residue which was chromatographed with chloroform as 
eluent. A pale blue band containing a trace amount of the metal-free phthalocyanine 
(Pc)H2 was developed followed by a greenish-blue band, which was collected and 
concentrated. The crude product was purified by recrystallization from a mixture of 
chloroform and methanol. 
Bis(phthalocyaninato)europium(III) (17). According to the general 
procedure, a mixture of Li2(Pc) (53 mg, 0.1 mmol) and Eu(acac)3. nH2O (150 mg, 0.3 
mmol) in TCB (10 ml) was refIuxed for 10 h under nitrogen. The crude product was 
isolated and puipfied by recrystallization from a mixture of chloroform and methanol. 
Yield(19mg, 32%). 
Bis(phthalocyaninato)gadolinium(III) (18). According to the general 
procedure, a mixture of Li2(Pc) (53 mg, 0.1 mmol) and Gd(acac)3. nH2O (150 mg, 0.3 
mmol) in TCB (10 ml) was refIuxed for 10 h under nitrogen. The crude product was 
isolated and purified by recrystallization from a mixture of chloroform and methanol. 
Yield(15mg, 25%). 




Bis [2 ,3 ,9 ,10 ,16 ,17 ,23 ,24-octakis (pentyloxy)phthalocyaninato] - \ 
europium(III) (19). Under a slow stream of nitrogen, a mixture of 4,5- I 
bis(pentyloxy)phthaIonitrile (13) (300 mg, 1.00 mmol), DBU (78 mg, 0.51 mmol) and '| 
ii 
Eu(acac)3.nH2O (30 mg, 0.06 mmol) was heated in amyl alcohol (4 ml) under reflux I 
!^ 
for 8 h to give a dark greenish-blue solution. The volatiles were removed in vacuo, then j 
the residue was chromatographed with CHCl3 / hexanes (2 : 3) as eluent. A green band 
was firstly developed which contained a small amount of the metal-free phthalocyanine 
OPc'(OC5H11)8]H2 as determined by UV/VIS spectrometry. Then a dark greenish-blue 
band containing the sandwich compound was developed which was collected and 
evaporated under reduced pressure. The crude product was further purified by the same 
chromatographical procedure. Yield (121 mg, 79%). ^H NMR [(CD3)2SO + CDCl3 + 
hydrazine hydrate]: 6 10.64 (br s, 16 H, Pc'H), 4.16 (br s, 32 H, OCH2), 2.70-2.86 
(m, 32 H, OCH2CH2), 2.32 (quintet, J = 7.3 Hz, 32 H, OCH2CH2CH2), 2.02 
(sextet, J = 7.3 Hz, 32 H, CH2CH3), 1.42 (t, J = 7.3 Hz, 48 H, CH3). IR (KBr 
pellet): 2965m’ 2922m, 2856m，1589w, 1500w, 1456m, 1372m，1315m，1272m, 
1194m, 1094w, 1044w, 856w, 762w cm'^ 
Bis[2,3,9,10,16,17,23,24-octakis(pentyloxy)phthaIocyaninato]-
gadoIinium(II|) complex (20). Compound 2 0 was synthesized according to the 
above procedure from 4,5-bis(pentyloxy)phthalonitrile (13) (300 mg, 1.00 mmol), 
DBU (78 mg, 0.51 mmol) and Gd(acac)3.nH2O (30 mg, 0.06 mmol) in amyl alcohol 
(4 ml). Yield (115mg, 75%). IR (KBr pellet): 2956m，2926m，2856m, 1606m， 
1500m，1456s，1372m, 1317m, 1276s, 1194m’ 1094w, 1044w, 863w, 762w cm'^ 
B i s ( 2 , 3 , 9 , 1 0 , 1 6， 1 7 , 2 3 , 2 4 - o c t a h e p t y l p h t h a l o c y a n i n a t o ) -
europium(III) (21). A mixture of 4,5-diheptylphthalonitrile (16) (150 mg, 0.46 
mmol), DBU (39 mg, 0.26 mmol) and Eu(acac)3.nH2O (23 mg, 0.05 mmoI) in amyl 
alcohol (2 ml) was refluxed for 13 h under a slow stream of nitrogen. The mixture was 
r 
cooled to room temperature then filtered to remove most of the metal-free 
> 
I ； 
phthalocyanine [Pc'(C7H15)8]H2, which was washed with amyl alcohol (2 ml). The 
combined filtrates were concentrated under reduced pressure then chromatograpJied ^ 
with CHCl3 / hexanes (2 : 3) as eluent. A small amount of Pc'(C7H15)8]H2 was eluted ]\ 
V 
out followed by a dark blue solution containing the sandwich compound. The volatiles i 
of the dark blue solution were removed in vacuo to give a dark blue solid which was : 
s 
purified by repeated chromatography under the same conditions followed by 
recrystallization from a mixture of CHCl3 and MeOH. Yield (92 mg, 72%). ^H NMR 
[(CD3)2SO + CDCl3 + hydrazine hydrate]: 6 11.06 (br s, 16 H, Pc’-H)，4.31 (br s, 32 
H, Pc'-CH2), 3.13 (br s, 32 H, CH2)，2.50 (br s，32 H, CH2), 2.21 (br s, 32 H, 
CH2), 1.77-1.93 (m, 64 H, 0 ¾ ) , 1.23 (t, 7 = 7 . 0 Hz, 48 H, Ci%). IR(KBrpellet): 
2965m, 2923s，2856s, 1456m, 1371w, 1320s，1106m，756m, 722m cm\ 
B i s ( 2 , 3 , 9 , 10，16，17,23,2 4 - o c t a h e p t y l p h t h a I o c y a n i n a t o ) -
gadolinium(III) (22). Compound 22 was prepared with the above method from 
4,5-diheptylphthalonitrile (16) (150 mg, 0.46 mmol), DBU (39 mg, 0.26 mmol) and 
Gd(acac)3.nH2O (23 mg, 0.05 mmol) in amyl alcohol (2 ml). Yield (87 mg, 68%). IR 
(KBr pellet): 2964m，2924s，2848s, 1456s，1369w, 1320s，1102m, 757m，724m cm'^ 
3.5. Preparation of Alkyl-Substituted Dicyanonaphthalenes 
'f 
2,3,5,6-Tetrabromo-j^-xylene (42). In a 250 ml three-necked round-
bottomed flask connected with a condenser, catalytic amount of iodine (1.3 g, 5 mmol) 
and iron powder (0.3 g, 5 mmol) were added to a solution of p-xylene (12.7 ml, 105 
mmol) in dichloromethane (60 ml). Bromine (25.6 ml, 500 mmol) in dichloromethane � 
^ 
(40 ml) was added dropwise over 6 h with stirring in dark. The reddish-brown solution 
was stirred overnight at 4CTC. The resulting light purple suspension was poured into 
hexanes (500 ml) with stirring. The white precipitate was filtered and washed with 
hexanes (50 ml). The crude product was recrystallized from toluene (2000 ml) yielding , 
M 
white needles (33.2 g, 75%) which was dried at 50°C in vacuo ovemight. ^H NMR: 6 ： 
''1 
2.80 (s, ArCH3). MS (EI): m/z 421 (M+，base peak). ;l 
6, 7 - D i b r o m o - l , 4 - e p o x y - 5 , 8 - d i m e t h y l - l , 4-dihydronaphthaIene I 
'j 
(43). In a 1 L three-necked round-bottomed flask connected with a condenser, ? 
！ 
2,3,5,6-tetrabromo-p-xylene (42) (8.43 g, 20 mmol) was dissolved in toluene (500 v 
:丨丨 
ml) at room temperature. Freshly distilled furan (10 ml, 138 mmol) was added to the i 
、 
solution with stirring. A solution of 1.6 M butyllithium (18.75 ml, 30 mmol) in toluene 
(100 ml) was added slowly through an additional funnel to the solution at room 
temperature over 6 h. The resulting solution was stirred at room temperature ovemight. 
Absolute methanol (1.5 ml) was added to the solution and stirred for 1 h. The 
precipitate was removed by suction filtration. The filtrate was concentrated by rotary 
evaporator. The crude product (5.28 g) was purified by column chromatography over 
silica gel using a hexane-chloroform mixture (1:1 v/v) as eluent yielding a white solid 
(3.96 g, 60%). 'H NMR: 6 7.03 (s, 2H), 5.78 (s, 2H), 2.40 (s, 6H, A1CH3). ^¾ 
NMR: 6 147.5, 142.6, 130.1, 124.8, 82.0, 20.8. MS (EI): m/z 330 (M+)，223 (base 
peak). Anal. Calcd C, 43.67; H, 3.05. Found C, 44.27; H, 3.06, 
2,3-Dibromo-l,4-dimethyInaphthalene (45). In a 500 ml three-necked 
round-bottomed flask connected with a condenser, titanium tetrachloride (8.7 ml, 79 
mmol) was addipd carefully through a syringe under nitrogen to a suspension of zinc 
dust (8.72 g, 133 mmol) in tetrahydrofuran (230 ml) with vigorous stirring at 0 °C. 
The reaction mixture was brought slowly to reflux for 15 min. The dark brown 
suspension was then cooled to 0 °C. A solution of 6,7-dibromo-l,4-epoxy-5,8-
dimethyl-1,4-dihydronaphthalene (4 4) (4.76 g, 14.4 mmol) in tetrahydrofuran (100 
ml) was added dropwise through an additional funnel to the mixture at 0 � C . The 
resulting mixture was stirred overnight at room temperature, poured into cold 10 % 
aqueous hydrochloric acid (500 ml) and filtered. The aqueous layer was extracted with 
<1 
dichloromethane (3 X 250 ml). The precipitate filtered off was also extracted with 
’ 
dichloromethane (2 x 300 ml). The organic layers were combined, washed with 
> 
saturated sodium chloride solution (500 ml), dried over magnesium sulfate, and : 
,'i 
concentrated by rotary evaporator. The crude product was purified by column 
ii 
chromatography over silica gel using dichloromethane as eluent yielding a white solid lj 
” 
(3.80 g, 84 %). iH NMR: 6 8.00-7.96 (m, 2H, ArN), 7.50-7.45 (m, 2H, ArH), 2.84 j! 
(s, 6H, ArCH3). i3c NMR: 6 134.1, 131.9, 126.6，125.6, 125.3, 21.3. MS (EI): m/z :l 
I� 
314(M^, base peak). Anal. Calcd C, 45.90; H, 3.21. Found C, 46.20; H, 3.07. 
2,3-Dicyano-l,4-dimethylnaphthalene (46). In a 50 ml Schlenk tube, 
6,7-dibromo-5,8-dimethylnaphthalene (4 5) (2.20 g, 7.0 mmol) and copper(I) cyanide 
(1.88 g, 21.0 mmol) were mixed in DMF (25 ml) and refluxed under nitrogen for 10 h. 
The reaction mixture was cooled, then poured into concentrated ammonia (100 ml) to 
which air was bubbled for 12 h. The solid residue was filtered off and extracted with 
dichloromethane (3 X 250 ml). The combined organic layers were washed with 
saturated sodium chloride solution (300 ml), dried over magesium sulfate, and 
concentrated by rotary evaporator. The product was purified by column 
chromatography using dichloromethane as eluent yielding a white solid (0,53 g, 37 % 
yield). ^H NMR: 6 8.16 (m, 2H, ArH), 7.82 (m, 2H, ArH), 2.95 (s, 6H, ArCH3). ^ ¾ 
NMR: 6 141.9，130.1, 125.9, 116.2，109.9’ 18.13. MS (EI): m/z 206 (M+，base 
peak). Anal. Calcd C, 81.53; H, 4.89; N, 13.58. Found C, 80.88; H, 4.80; N, 13.73. 
6，7-Di|lbro m o - 1 , 4 - e p o x y - l , 4 - d i h e x y I - 5 , 8 - d i m e t h y I - l , 4 -
dihydronaphthalene (49). In a 1 L three-riecked round-bottomed flask connected 
with a condenser, 2,3,5,6-tetrabromo-/?-xylene42 (8.43 g, 20 mmol) was dissolved in 
toluene (500 ml) at room temperature. 2,5-Dihexylfuran (48) (7.76 g, 28.6 mmol) was 
added to the solution with stirring. A solution of 1.6 M butyllithium (18.75 ml, 30 
mmol) in toluene (50 ml) was added slowly through an additional funnel to the solution 
at room temperature over 3 h. The resulting solution was stirred at room temperature 
ovemight. Absolute methanol (1.5 ml) was added to the light brown solution and 
stirred for 1 h. The precipitate was removed by suction filtration. The filtrate was 
concentrated by rotary evaporator and purified by column chromatography with 
hexane-chloroform (4:1 v/v) as eluent yielding a colourless liquid (4.96 g, 50%). ^H 
NMR: 6 6.71 (s, 2H, ArH), 2.46 (s, 6H, ArCH3), 2.33 (t, 7 = 7 . 9 Hz, 4H, ArCH2), 
1.42 (m, 16H, CH2), 0.89 (t, J= 6.6 Hz, 9H, CH2CH3). ^¾NMR: 6 150.5, 146.1, 
129.8’ 126.2’ 93.0，32.1，31.7，29.7, 25.0, 22.6, 20.4, 14.0. MS (EI): m/z 496 
(M^). HRMS (L-SIMS) calcd for C24H35Br2O (M+H)+ 497.1056, found 497.1164. 
2,3-Dibromo-5,8-dihexyl-l ,4-dimethylnaphthalene (50). In a 100 ml 
three-necked round-bottomed flask connected with a condenser, titanium tetrachloride 
(2 ml, 18.2 mmol) was added carefully through a syringe under nitrogen to a 
suspension of zinc dust (2.0 g, 30.6 mmol) in toluene (50 ml) with vigourous stirring 
at 0 °C. The reaction mixture was heated slowly to reflux for 30 min. The dark brown 
suspension was cooled to 0 °C. A solution of epoxide 49 (1.64 g, 3.3 mmol) in THF 
(20 ml) was added dropwise through an additional funnel to the mixture at 0 °C. The 
reaction mixture was stirred ovemight at room temperature, poured into cold 10% 
hydrochloric acid (100 ml) and extracted with dichloromethane. The organic layer was 
washed with water, dried over calcium chloride and concentrated by rotary evaporator. 
The crude product was purified by column chromatography with hexanes as eluent 
yielding a colourless liquid (1.11 g, 70%). ^H NMR: 6 7.21 (s, 2H, kxH), 2.97 (t, J = 
8.2 Hz, 4H, ArC"2), 2.82 (s, 6H, ArCH3), 1.54 (m, 4H, CH2), 1.26 (m, 12H, 
0 ¾ ) , 0.86 (t, i/ = 6.8 Hz, 9H, CH2CH3). ' 'C NMR: 6 137.8，135.5, 134.1’ 127.8, 
126.5，36.9, 32.1, 31.6，29.5, 27.0，22.6, 14.0. MS (EI): m/z 482 (M+). HRMS 
(L-SIMS) calcd for C24H34Br2 (M+) 480.1022, found 480.0991. 
2,3-Dicyano-5,8-dihexyl-l ,4-dimethylnaphthalene (51). In a 50 ml 
Schlenk tube, 2,3-dibromo-5,8-dihexyl-l,4-dimethylnaphthalene (50) (1.35 g, 2.8 
mmol) was mixed with copper(I) cyanide (0.75 g，8.4 mmol) in DMF (10 ml) under 
nitrogen. The light green suspension was refluxed for 6 h and cooled to room 
temperature. Concentrated aqueous ammonia (40 ml) was added to the reaction 
mixture. Air was bubbled through the suspension ovemight. The suspension was 
filtered. The filtrate was extracted with chloroform, dried over calcium chloride, and 
concentrated by rotary evaporator. The crude product was purified by column 
chromatography with hexane as eluent yielding a white solid (0.73 g, 70%). IR (KBr 
pellet): 2922s，2852s, 2376w, 2226s (C=N), 1579w, 1463s，1381s，1132w, 1033w, 
956w, 847w, 8001w, 725w, 662w, 522w cm'\ ^H NMR: 6 7.45 (s, 2H, Ar i^ , 3.11 
(t, J=1.6 Hz, 4H, A r C ^ ) , 3.01 (s, 6H, ArCH3), 1.54 (m, 4H, 0 ¾ ) , 1.30 (m, 
12H, CH2). 0.87 (t, 7 = 6 . 5 Hz, 9H, CH3). '^C NMR: 6 142.0，140.1，135.7, 132.0， 
116.6，110.8，37.1，32.4，31.5, 29.3，23.3, 22.5，13.9. MS (EI): m/z 374 (M+, base 
peak). Anal. Calcd C, 83.37; H, 9.15; N, 7.48. Found C, 83.36; H, 9.25; N, 7.37. 
3.6. Preparation of Halo-Substituted Dicyanonaphthalenes 
l,2-Dibromo-4,5-dimethyIbenzene (52). In a 250 ml two-necked round-
bottomed flask, o-xylene (24 ml, 0.2 mol) was mixed with dichloromethane (30 ml). 
Iodine (2.5 g, 10 mmol) and iron powder (0.6 g, 10 mmol) were then added as 
catalysts. During a 6 h period, bromine (21.5 ml, 0.4 mol) in dichloromethane (10 ml) 
was added dropwise to the light purple solution while stirring at 0 °C. The purple 
mixture was stirred for a further 38 h at 0 °C and 6 h at room temperature. The mixture 
was washed with aqueous sodium hydroxide (5%), sodium hydrogen sulfite (5%), and 
water until the solution became neutral. The solution was then dried over sodium 
sulfate. After removal of the solvent, the pale pink solid was recrystallized from 
methanol as colorless crystals (13.2 g, 25%). M.p.: 90 °C. ^H NMR: 6 7.37 (s, 2H, 
ArH), 2.19 (s, 6H, ArCH3). MS (EI): m/z 264 (M+). 
1.2-Bis(dibromomethyl)-4,5-dibromobenzene (53). In a 250 ml 
round-bottomed flask，dibenzoyl peroxide (0.3 g, 1.3 mmol), l,2-dibromo-4,5-di-
methylbenzene (52) (8.0 g, 30 mmol) and A^-bromosucinimide (10.6 g, 60 mmol) 
were mixed in tetrachloromethane (150 ml). The mixture was refIuxed with stirring for 
5 h. The second portion of iV-bromosucinimide (10.6 g, 60 mmol) was then added to 
the reaction mixture. After the reaction mixture was refluxed for a further 12 h, the third 
portion of A^-bromosucinimide (10.6 g, 60 mmol) was added. The suspension was 
refluxed for a further 7 h, cooled to room temperature, and filtered. After removal of 
the solvent, the product was recrystallized from a chloroform-hexane mixture as 
colorless needles (10 g, 56.7%). M.p. 132 °C. ^H NMR: 6 7.92 (s, 2H, ArH), 6.97 
(s, 2H, ArCHBr^). MS (EI): m/z 580 (M+)，489 (base peak). 
2.3-Dibromo-6,7-dicyanonaphthalene (56). In a 150 ml round-
bottomed flask fitted with a calcium chloride drying tube, 1,2-bis(dibromomethyl)-
4,5-dibromobenzene (53) (8.66 g, 14.9 mmol), furmaronitrile (1.16 g, 14.9 mmol) 
and sodium iodide (14.99 g, 0.1 mol) were mixed in DMF (100 ml). The light brown 
mixture was then stirred at 75 °C for 7 h. The reddish brown reaction mixture was 
cooled and slowly poured into water (100 ml) with stirring. Sodium bisulfite was 
added to the aqueous mixture until the color changed to pale yellow. The pale yellow 
precipitate was collected by suction filtration and dried under reduced pressure at 7 0 � C 
overnight. The pure product was isolated by column chromatography using a ethyl 
acetate-hexanes mixture (1:4 v/v), then ethyl acetate as eluent. After removal of the 
volatiles, the product was dried in vacuo as a light yellow solid (4.86 g, 97%). M.p.: 
256 T . IR (KBr pellet): 3055w, 2923w, 2852w, 2233s (C=N), 1686w, 1571m， 
1427s，1381m,U346m, 1099s，945s，923s, 532m, 472s cm\ ^H NMR: 6 8.25 (s, 
2H, ArH), 8.30 (s, 2H, ArH). MS (EI): 336 (M+’ base peak). 
3.7. Condensation of Alkyl-Substituted Dicyanonaphthalenes 
1 ,6 , 1 0 , 1 5 , 1 9 , 24 ,28 ,33-OctamethyInaphtha locyaninatoz inc(I I ) 
(57). In a 150 ml Schlenk tube connected with a condenser, 2,3-dicyano-l,4-
dimethylnaphthalene (4 6) (260 mg, 0.74 mmol), zinc(II) acetate (55 mg, 0.30 mmol) 
and DBU (0.4 ml, mmol) were mixed in 1-hexanol (5 ml). The reaction mixture was ？ 
refluxed under nitrogen for 20 h then cooled to room temperature. The solution was , 
poured into a methanol-water solution (50 ml, 1:1 v/v) and the filtrate was mixed with : 
I 
methanol to give a second crop of precipitate. The combined solid was dissolved into <1 
j 
hexanes (50 ml) and then purified chromatographical 1 y using a hexanes-ethyl acetate ，i 
:：! i_ 
mixture (9:1 v/v) as eluent yielding a brown powder (45 mg, 17%). IR (KBr pellet): 'i 
• 丨1 
3401m, 3073m，2923m，2858m，1704w, 1651w, 1609w, 1521w, 1475m, 1358m, J 
1328m，1260m，1196m，1127s，1064w, 1014s’ 940w, 822w, 751s c m ' \ UV/VIS 
(toluene) Xmax- 799，762，715, 418 nm. 
2 , 5 , 1 1，1 4 , 2 0 , 2 3 , 2 9 , 3 2 - 0 c t a h e x y l - l , 6 , 1 0 , 1 5 , 19 ,24 ,28 ,33 -oc ta -
methylnaphthalocyaninatozinc(II) (58). In a 150 ml Schlenk tube, 2,3-dicyano-
5,8-dihexyl-l,4-dimethylnaphthalene (51) (250 mg, 0.72 mmol), zinc(II) acetate (50 
mg, 0.27 mmol) and DBU (0.4ml) were mixed in hexanol (5 ml). The reaction mixture 
was heated to reflux under nitrogen for 3 h. The cooled solution was poured into a 
methanol-water mixture (1:1’ 50 ml) and the filtrate was mixed with methanol to give a 
second crop of precipitate. The combined solid was dissolved into hexanes (50 ml) and 
then purified by chromatography using a hexane-THF mixture (2:1 v/v) as eluent to 
give a green powder (124 mg, 47%). UV/VIS (hexane) k^^^: 812, 770，727, 470 nm. 
2 , 5 , 1 1 , 1 4 , 2 0 , 2 3 , 2 9 , 3 2 - 0 c t a h e x y l - l , 6 , 1 0 , 1 5 , 1 9 , 2 4 , 2 8 , 3 3 - o c t a -
methylnaphth|alocyanine (59). A solution of 1.6 M butyllithium (6.2 ml, 9.9 
mmol) in hexane was added under nitrogen to 1-pentanol (4 ml) at room temperature. 
The mixture was heated to 120 °C，then 2,3-dicyano-5,8-dihexyl-l ,4-
dimethylnaphthaIene (51) (0.4 g, 1.1 mmol) was added. The mixture was refluxed for 
1.5 h, cooled to room temperature, then poured into glacial acetic acid (40 ml). The 
volatiles were removed after 15 min and the dark brown residue was dissolved in 
dichloromethane (40 ml). The solution was washed with 10 % hydrochloric acid (70 
ml) and brine (70 ml), then dried over magesium sulfate and evaporated. The residue 
was chromatographed with chloroform as eluent to afford a dark brown precipitate (108 
mg, 27%). ^H NMR: 6 7.36 (br s, 8 H, AvH), 3.25 (br s, 8 H, ArCH3), 3.95 (br s, 16 
H, ArCH2), 1.80-1.65 (m, 16 H, 0 ¾ ) , 1.55-1.15 (m, 48 H, 0 ¾ ) , 0.92 (t, J= 6.9 
Hz, 24 H, CH3). UV/VIS (chloroform) X^ ax： 842, 798(sh), 746，477 nm. HRMS 
(LSIMS)calcd forC104H138N8(M)+ 1499.1059，found 1499.1409. 
3.8. Condensation of Halo-Substituted DicyanonaphthaIenes 
2,3-Dibromo-6,7-diirninobenz(/)isoindoIine (60). In a 50 ml two-
necked round-bottomed flask, sodium methoxide (0.22 g, 4.0 mmol) was dissolved in 
warm methanol (12 ml). 2，3-Dibromo-6，7-dicyanonaphthalene (56) (2.78 g, 8.3 
mmol) in toluene (12 ml) was added to the solution at room temperature. Dried 
ammonia gas was bubbled through the pale yellow suspension for 1 h. The greenish 
yellow suspension was heated at 70 °C for 5 h with continue ammonia gas supplied and 
then cooled to room temperature. The green solid was filtered off and washed with cold 
methanol. The product was dried under reduced pressure. (2.59 g, 89%). M p . 120 °C. 
IR (KBr pellet): 3261w, 3203sh, 3038s，1683m, 1643s, 1539s, 1475s，1302s, 1103s， 
870m，609w, 474w cm\ M S (EI): 353 (M+, base peak). 
DichIorosilicon octabromonaphthaIocyanine (61). In a 50 mI Schlenk 
tube connected With an air condenser, 2,3-dibromo-6,7-diiminobenz(y)isoindoline (60) 
(0.74 g, 2.1 mmol) was dissolved in quinoline (6 ml) and stirred for 15 min. Silicon 
tetrachloride (0.35 ml, 3.1 mmol) was added to the reaction mixture under nitrogen. 
The resulting solution was brought quickly to reflux for 30 min, cooled slowly without 
stirring, then poured slowly into hexanes (400 ml) with vigorous stirring. The crude 
product was filtered off by suction filtration and dried under reduced pressure yielding 
a dark green solid (0.74 g, 94%). IR (KBr pellet): 3380s，3065sh, 2654m，1636w, 
1596w, 1411m，1377m’ 1343s，1151m, 1099s，1082m，938w, 813m，472m (Si-Cl) 
cm_i. UV/VIS (acetone) >^ max: 750，670，490，480 nm. 
Di(w-hexyloxy)silicon octabromonaphthaIocyanine (62). In a 50 ml 
two-necked round-bottomed flask connected with a condenser, sodium metal (12 mg, 
0.55 mmol) was dissolved in dry hexanol (3 ml) at 80 °C. The solution was cooled < 
slowly under nitrogen. DichIorosilicon octabromonaphthaIocyanine (61) was added to , 
I 
the solution. The suspension was refluxed for 1 h and cooled to room temperature. The | 
I 
resulting deep green solution was evaporated under reduced pressure to give a residue 
,•« 
which was chromatographed with chloroform as eluent. A green band was developed, 
collected and concentrated yielding a green solid. UV/VIS (chloroform) >^ max: 778, 
740, 692，354 nm. 
Dihydroxysilicon octabromonaphthaIocyanine (63). In a 25 ml round-
bottomed flask connected with a condenser, dichlorosilicon octabromonaphthalo-
cyanine(61) (100 mg, 0.07 mmol) was mixed with sodium methoxide (300 mg, 5.56 
mmol) in methanol (7 ml) under nitrogen. The resulting light green suspension was 
brought slowly to reflux for 1.5 h, then cooled slowly to room temperature. The crude 
product was filtered off by suction filtration and washed with cold methanol yielding a 
dark green solid (50 mg, 51%). IR (KBr pellet): 3427s (0-H), 2923sh, 2363w, 
2340w, 1630w, 1586w, 1459m，1377m, 1344s, 1099s, 1082s, 1023m (Si-0), 907w, 
734w, 472w cm ' \uV/VIS (acetone) X^ax： 747, 672, 490，472 nm. 
Bis(tri-n-hexylsiloxy)siiicon octabromonaphthalocyanine (64). In a 
50 ml two-necfed round-bottomed flask connected with a condenser, dihydroxysilicon 
octabromonaphthalocyanine (6 3) (50 mg, 0.04 mmol) was mixed with chlorotri-w-
hexylsilane (0.25 ml, 0.68 mmol) and tri-w-butylamine (0.2 ml) in dry 3-picoline (8 
ml). The dark green suspension was refluxed ovemight. The solution obtained was 
allowed to cool and then filtered. The filtrate was slowly poured into ethanol-water 
solution (8 ml, 1:1 v/v) with vigorous stirring. The crude product was separated by 
suction filtration from the resulting suspension, washed and vacuum dried overnight. 
The product was chromatographed on silica gel with a chloroform-toluene-methanol 









T w o series of monoaza-15-crown-5 compounds have been synthesized by 1:1 
cyclization of diols or dithiols with ditosylates in refluxing tetrahydrofuran. One series 
are the A^ -arylafed benzomonoaza-15-crown-5 compounds having different substituents 
on the A^ -aryl group such as 4-methoxy, 4-methyl, 4-w-butyl, and 3,5-dimethyl. The 
crystal structure of A^-(4-methoxyphenyl)benzomonoaza-15-crown-5 has been 
determined. Another series of A^-(4-methoxyphenyl)monoaza-15-crown-5 containing 
various number of oxygen and sulfur atoms at different positions on the macrocycle 
have also been prepared. The effects of heteroatoms on the physical and chemical 
properties of the macrocycles have been briefly examined. All monoaza-15-crown-5 




Macrocyclic crown compounds were first reported by Pedersen in 1967.^^ 
Through the vast number of cyclic polyethers synthesized, they showed that the 
compounds poJsess superior complexing abilities with various cations, anions, and 
neutral m o l e c u l e s ? As the compounds can solubilize inorganic compounds, such as 
potassium hydroxide and permanganate in organic solvents, they are widely used as 
phase transfer catalysts. Their applications in other disciplines have also been well-
57 
demonstrated. 
The description of monoaza-18-crown-6 (67) by Greene in 1972^8 started a 
new series of crown compounds containing one nitrogen atom on the macrocycle. The 
preparation of 67 involved the condensation of A^ -trityldiethanolamine {66) with 
tetraethylene glycol ditosylate (6 5) followed by removal of the protecting group by acid 
cleavage (Eq. 23). N o detail procedure and physical properties of 67 were described. 
Distinct complexing properties of 6 7 are expected due to the more diffuse electron pair 
on the less electronegative nitrogen atom. Replacement of divalent oxygen with trivalent 
nitrogen also permits branching at the position of donor-atom. Thus, it is possible to 
finely tune the electron donating power of the nitrogen by A^ -substitution with different 
side chain. 
^ " ^ r~\ 
厂0 OTs H O ~ ^ 厂 0 o ~ v 
� / H+ \ ) 
0 + N-C(Ph)3 ——>-~>- 0 HN ( 2 3 ) 
^ 0 OTs H O ^ ^ 0 0 ^ 
v _ y W 
6 5 6 6 6 7 
Syntheses of monoaza-15-crown-5 compounds were first reported by Okahara 
59 
et al. in 1978. Four N-alkylated monoaza-15-crown-5 compounds 76-79 were 
气 
prepared from the corresponding A^,A^-di(polyoxyethyIene)alkylamines 68-71 via the 
monotosylates 7 2 - 7 5 (Eq. 24). 
A ^ / T ^ r A ^ / V \ 1 /“\ / ~ \ 
/ \ 0 /2 ipH TsCl, NaOH / ^ 〇 L OTs / 0 0 ^ 
R - N ^ R - N 命 R - N (24) 
\ 0 OH dioxane \ . • v oH \ 0 0 ^ 
W V _ 7 L V | V M ^ J W W 
68R = CH3 72-75 (m + n = 3) 7 6 R = CH3 
69 R = CH2CH3 7 7 R = CH2CH3 
70 R = n-C4H9 7 8 R = w-C4H9 
7 1 R = CH2=CHCH2 7 9 R 二 C H 2 = C H C H 2 
A^-phenylmonoaza-15-crown-5 (81) was first reported by Dix and Vogtle in 
1978.60.61 The crown 81 was prepared by refluxing A^ ,A^ -bis(2-hydroxyethyl)aniline 
(80) with 1,8-dichloro-3,6-dioxaoctane and sodium hydroxide in 1,4-dioxane (Eq. 
25). Functionalization of the phenyl ring at para position was achieved by direct 
nitrosation with concentrated hydrochloric acid and sodium nitrate. The nitroso group 
was reduced to amino group by zinc(II) chloride and hydrochloric acid. A series of 
‘crown ether dyes' were then prepared by azo coupling with the dye molecules. The 
Vilsmeyer reaction of the amino group to aldehyde gave another A^ -arylated crown. The 
effects of metal complexation on the UV/VIS absorptions of the chromophore were also 
examined. This was the first report on direct functionalization of 8 1. 
^r"^ci Ho^N^ ^ r ^ 0 - ^ 
一 + N-Ph NaQH> 厂 N-Ph (25) 
、 0 \ dioxane k 1 
V ^ c i H o ^ y ^ o ^ 
80 81 
58 
A different synthetic route to A^ -arylated monoaza- 15-crown-5 compounds was 
fi 9 
reported by Gokel and co-workers. A^-(4-methoxyphenyl)monoaza-15-crown-5 (8 6) 
was prepared from p-anisidine, which was alkylated with ethyl bromoacatate (Eq. 26). 
The amine diester 8 2 was reduced with lithium aluminium hydride (LAH) to give the 
diethanolamine84. The crown 86 was obtained by 1:1 cyclization of the amine 84 
with the triethylene glycol ditosylate. Similarly, A/'-(2-methoxyphenyl)monoaza-15-
crown-5 (8 7) was also synthesized. 
T s O 、 
0 0 
^ ^ O E t ^ O H 丁… 0 ^ 广〇 ^ ^ 
Br^OEt \ LAH C T & d C 0 
Ar-NHg • Ar-N •Ar—N • Ar-N ] (26) 
^ O E t ^ O H ^ \ ^ 0 ^ ^ 
o 
Ar = 4-MeOC6H4 82 84 86 
Ar = 2-MeOC6H4 83 85 87 
Comparing with the unsubstituted monoaza- 15-crown-5, the arylated crown 
compounds 86 and 87 show higher affinity for sodium and potassium cations in 
6 3 
anhydrous methanol. Further, the ability of 8 7 to bind cation is better than that of 8 6 
due to the intramolecular sidearm involvement in sodium cation binding. The oxygen 
donor-atom on the methoxy group of 87 has an appropriate geometry for intramole-
cular interaction with a ring-bound cation. 
Replacement of ether moiety with sulfide linkage alters the complexing ability of 
the resulting mixed aza-, oxa-, and thia-crown compounds. The difference in electro-
negativity of oxygen (3.4) and sulfur (2.6) accounts for the different affinity for metal 
cations. Significant conformational change of ethylene linkages on the macrocycle 
limits the conformational reorganization for cations binding. On the basis of crystallo-
graphic data. Cooper and co-workers^^ noted the pronounced tendency of SCH2CH2S 
units to adopt anti conformation D instead of gauche conformation E which is the 
preferential conformation F for crown ethers. As a result, many thia-crown ethers 
adopt the conformations with sulfur atoms placed "outside" (exodentate) the 
macrocyclic ring. 
'f 
H^ ^^ H^ H^ ^^ S^ H^ ^^ O 
s H H 
D E F 
The preparation of tetrathiamonoaza-15-crown-5 (90) was first reported by 
Palvlishchuk and Strizhak.^^ Compound 90 was prepared in 50 % yield by 
simultaneously adding dilute tetrahydrofuran solutions of 3,6-dithia-l,8-octanedithiol 
(88) and 3-aza-1,5-dichloropentane (89) into a suspension of cesium carbonate in 
tetrahydrofuran (Eq. 27). It was not necessary to protect the amino group as it is less 
nucleophilic than the mercaptides formed from the thiols and cesium carbonate. 
C ^ ^ S H c i - ^ r ' ^ s - ^ 
r^S / Cs2CO3 , S ] 
C3 + N-H _ ^ 〔 N「H (27) 
V ^ S H C 1 ^ v ^ s ^ 
8 8 8 9 9 0 
Benzomonoaza-15-crown-5 (9 3) was first prepared by Cram and Hogberg in 
1975.66 N-Tolsylated benzomonoaza-15-crown-5 (92) was obtained in 36% yield 
from 0,0-bis(5-hydroxy-3-oxapentyl)catechol (91) and tosylamide in dimethylform-
amide using sodium hydride as a base (Eq. 28). Acid catalyzed hydrolysis removed the 
tosyl group from nitrogen yielding 9 3 in 5 % yield. However, no detailed experimental 
procedure and spectroscopic data were reported. 
r ^ o ^ r ^ o ^ r ^ o ^ 
I^^^^O OH H,NTs r ^ ^ ^ O / r ^ ^ ^ O / 
> - I N-Ts ^ I NH (28) 
^ 0 OH NaH,DMF ^ s ^ 。 \ ^ o j 
V ^ o j 口" 口" 
91 92 93 
\ 
An improved synthetic route to 93 was reported by W u and Lu.^^ Conden-
sation of 1,2-bis(2-tosyloxyethoxy)benzene (94) in 1,4-dioxane with diethanolamine in 
r-butyl alcohol in the presence of sodium r-butoxide produced 9 3 in 36.5% yield. 
/'^OTs H O ^ v r ^ O - ^ 
a O J „ t-BuONa r ; ^ ^ 0 / _ _ 
+ N-H • N-H (29) 
0 \ t-BuOH ^ k A o \ 
V^OTs H O ^ \ ^ 0 ^ 
94 93 
The crown 93 was modified by reacting with a series of alkyl bromide or 
monoalkyl substituted bromo-polyethylene glycol (Eq. 30).68 Potassium carbonate in 
anhydrous acetonitrile was used for deprotonation. As a result, two series of N-
substituted benzomonoaza-15-crown-5 compounds 95 and 96 were obtained. 
Complexation of these compounds with alkali metal (Li, Na or K) picrates in 
chloroform-water system at room temperature were investigated. 
r T ^ o 、 / ^ A ^ ^^0^\ / \ 
C c r ^ 93 - ' ^ o n ? o . ^ ) 么 个 。 ^ (30) 
W " J K 。 。 J 
95 96 
McLain prepared A^-(diphenylphosphinomethyl)benzomonoaza-lScrown-5 
(97) by heating 93 with diphenylphosphine and aqueous formaldehyde in benzene 
(Eq. 31) and characterized it by ^H N M R and mass spectrometries.^^ Enhancement in 
crystallinity and stability by replacing one ethylene unit with 1,2-phenylene unit on the 
macrocycle was also mentioned. While A^-(diphenylphosphinomethyl)monoaza-15-
crown-5 is a colorless air- and water-sensitive oil which gives high yield of 
diphenylphosphinomethanol during chromatographic purification, 97is a solid and can 
be purified by recrystallization. 
r ^ o ^ r ^ o ^ 
r"^"*^0 / CH2O r^"^=^0 / 
I N - H ^ N-CH2P(Ph)2 (31) 
k ^ 。 \ Ph2PH L ^ 。 V 、 ) 
V ^ o 7 口" 
9 3 9 7 
Bromination of93 with bromine in acetic acid gives 9 8,^^ which reacts with an 
excess of copper(I) cyanide in pyridine giving the phthalocyanine 9 9 incorpoarted with 
four monoaza-15-crown-5 units (Eq. 32). 
r ^ o ^ r ^ o ^ 
aO / Br2 B ^ > v X ^ O / cuCN 
N - H • 丁 ^ N - H LULN >^ 9 9 ( 3 2 ) 
。 j CH3COOH g ^ A ^ o \ pyridine 力 、 ) 
口" 口" 
9 3 9 8 
H 
〔 广 ） 
" C ^ ^ : ~ ^ � j 
> ^ 2 ) H 
C 。） 
^ ― N I 
^ ^ 9 9 
W e have synthesized two series of monoaza-15-crown-5 compounds and 
briefly examined their metal complexing abilities. One involve various number of 
oxygen and sulfur donoratoms in the monoaza-15-crown-5 core while the other contain 
various aromatic groups attached to the nitrogen of benzomonoaza- 15-crown-5 unit. 
Synthesfes of benzomonoaza-15-crown-5 and mixed aza-, oxa-, and thia-15-
crown-5 compounds require the corresponding diols or dithiols’ and ditosylates. 
Synthetic routes to these starting materials have been reviewed by several research 
71 
groups. Unfortunately, not all of these methods can be applied well in the preparation 
of the required starting materials. As a result, the preparation of the required diols, 
dithiols, and ditosylates are also described. 
J 
2. RESULTS AND DISCUSSION 
2.1. Preparation of Diols and Dithiols 
i 
A^,A^-Bis(2-hydroxyethyl)aniline was first prepared by Knorr by successive 
replacement of the two amino-protons of aniline using 2-chloroethanol.^^ A n alternate 
method using ethylene oxide was reported later.?] W e employed a similar route to 
prepare the bis(2-hydroxyethyl) compounds 100-103. Treatment of aromatic amine 
with 2-chloroethanol in an aqueous suspension of calcium carbonate gave the diols 
100-103 in moderate yield (Eq. 33)74 
H O - ^ 
/ _ V CaCO3 / 
H O ^ C l + H2N-Ar H2O > N-Ar (33) 
H O , ^ 
100 Ar = 4-MeOC6H4 (25%) 
101 Ar = 4-MeC6H4 (17%) 
102 Ar = 4-w-C4H9C6H4 (22%) 
103 Ar = 3,5-Me2C6H3 (33%) 
It is note worthy that deprotonation occurs preferentially on the amine rather 
than 2-chloroethanol. This is consistent with the observation reported previously by 
Bradshaw and co-workers7^ They found that 0-alkylation was more favorable when 
strong base such as sodium hydride or potassium r-butoxide was used. In contrast, 
alkylation of amine was favored over the ether formation when weak base such as 
sodium carbonate or potassium carbonate was employed. 
The bis(2-hydroxyethoxy)benzene (104)76 was prepared according to the 
n 
method reported by Luis and co-workers. Catechol was deprotonated by heating with 
potassium hydroxide in 1-butanol. Treatment with 2-chIoroethanoI yielded the resulting 
dioll04(Eq. 34). 
I"""""^ OH 
r ^ ^ O H KOH r ^ ^ o 
^ + p , ' ^ o H ^ \\ T ( 3 4 ) 
^ O H OH 1-BuOH k ^ o 
V ^ O H 
1 0 4 
3,6-Dithiaoctane-1,8-diol (10 5) was prepared from 1,2-ethanedithiol by the 
procedure reported by Busch which was used for the preparation of l,ll-dioxa-4,8-
• 7 8 
dithiaundecane. Upon treatment with sodium ethoxide formed in situ from sodium 
and ethanol, 1,2-ethanedithiol was converted to 105 in moderate yield (Eq. 35). 
To prepare the corresponding 3,6-dithiaoctane-l,8-dithiol (106)，the procedure 
described by Wolf and co-workers was followed.^^^ The diol 105 was refluxed with 
thiourea and 48% hydrobromic acid. Without isolating the intermediate, the reaction 
mixture was further treated with concentrated potassium hydroxide solution to produce 
the desired dithiol 106 in high yield (Eq. 35). 
f"""^^OH r ^ S H 
^SH r~\ .s ^s 
f^ C1 OH ‘ f thiourea KOH (^ , ^ _ 
>• • ^ (35^ 
� Na. EtOH � HBr � � ~ ^ 
SH � S ^ s 
V ^ O H V ^ S H 
1 0 5 1 0 6 
There are several methods to prepare dithiols from dihalides. Alcoholic sodium 
or potassium hydrosulfide, thiourea, sulfur or aqueous sodium trithiocarbonate is 
usually used as a source of sulfur7^ By the procedure of Speziale^^ used for the 
preparation of ethanedithiol from 1,2-dibromoethane, 3,6-dioxaoctane-l,8-dithiol 
(109) was first prepared by Dann and co-workers®° from triglycol dichloride and 
thiourea. The dithiol 109 can also be prepared in 77% yield from triglycol dichloride 
and aqueous sodium trithiocarbonate as reported by Martin and Greco in 1968.®^ 
The preparation of dithiol 109 from triglycol dichloride and thiourea according 
to literature procedure was unsuccessful.^^ However, the dithiol 109 was prepared in 
86% yield according to the simple one-step method developed by Martin and Greco.^^ 
Aqueous sodium trithiocarbonate was prepared by heating a saturated sodium sulfide 
solution with carbon disulfide. The dithiol 109 was then obtained by heating the 
aqueous sodium trithiocarbonate with triglycol dichloride (Eq. 36). It was believed that 
the sodium salt of the monoaIkyl trithiocarbonate 107 was first formed and the mono-
alkyl trithiocarbonic acid 108 was produced upon acidification. The unstable acid 108 
decomposed to yield the dithiol 109.82 
一 »1 p» mmm 
r^cx ^ s Y r % � s r ^ s H 
< 0 Na2CS3 < 0 S-Na+ ^ 0 、SH , 0 
^ L 一 _ 令 [ (36) 
、〇 ^ 0 ,S-Na+ 、0 S H 、 o 
V ^ C 1 V ^ S 、 s V ^ ^ H 3 V ^ S H 
一 」 L - _ 
1 0 7 1 0 8 1 0 9 
2.2. Preparation of Ditosylates 
The 0-tosylation of alcohols is one of the most typical reactions in organic 
chemistry. In the presence of a base, an alkoxide is formed which acts as a nucleophile. 
In general, pyridine is used both as a solvent and base for deprotonation. The 
preparation of N,N-bis(2-tosylyoxyethyl)-p-anisidine (110) described by Zhang and 
8 3 
co-workers was followed. Unfortunately, 110 was not isolated in our hands. 
However, the desired ditosylate 110 was prepared in high yield by the 
8 4 
conditions reported by Nolte used for the preparation of l,2-bis[2'-(2"-tosyloxy-
ethoxy)ethoxy]-4,5-dibromobenzene. By adding slowly a solution of tosylchloride in 
pyridine to a solution of 100 in pyridine at ca. -10。C with vigorous stirring for 24 h, 
110 was obtained in 97% yield (Eq. 37). Larger volume of pyridine was used due to 
the low solubility of 100. Also, slightly excess (20%) of tosyl chloride was used to 
enhance the tosylation. The yield of this tosylation was much higher than that obtained 
by Zhang and bo-workers (42%). 
/ " O H y^OTs 
\ f = \ \ TsCl, pyridine \ / = = \ \ 
^ \ J - f ~ " ^ ^ ^ r ~ " ^ ^ i J - f (37) 
V ^ O H N^OTs 
100 110 
The ^H N M R spectra of 100 and 110 were measured. The triplet at 6 3.73 
(NCH2CH2OH) for 100, which is attributed to the four methylene protons next to the 
hydroxyl groups, was shifted downfield to 6 4.04 in 110 due to the more electron-
withdrawing tosyl groups. The triplet due to the methylene protons on adjacent carbon 
(NCH2CH2OTs) showed only a slightly downfield shift (0.05 ppm) and the singlet due 
to the methoxy group showed no significant change (0.01 ppm). The spectrum for diol 
100 showed two doublets at 6 6.70 and 6.82 while that for ditosylate 110 showed two 
doublets at 6 6.45 and 6.72. Accurate mass measurement also confirmed the formation 
of 110. Attempts to purify 110 by recrystallization, however, were not successful. 
The synthesis of l,2-bis(tosyloxyethoxy)benzene (111) by applying the 
conditions described above was unsuccessful. It was unexpected since 111 was 
prepared from 1,2-bis(hydroxyethoxy)benzene (104) and tosylchloride in pyridine at 
8 5 
room temperature by Parsons. Nevertheless, the desired ditosylate 111 was obtained 
in an improved yield by following the procedure reported by Luis and co-workers.?? 
Compound 104 in tetrahydrofuran was mixed with an aqueous sodium hydroxide 
solution, then reacted with tosylchloride at -10 °C. Compound 111 was isolated in 
90% yield (Eq. 38). 
丄""""“^^ O H r ^ O T s 
f Y - ^ ^ - ^ ^ r y o (38) 
Ni;J^O THF-H2O THF K : ^ o 
V ^ O H ^ O T s 
104 111 
^ 
The singlet appeared at 6 3.43 in the ^H N M R spectrum of 104，which is 
ascribed to the hydroxy protons, was disappeared in the spectrum of 111. Both of the 
ethylene protons signals were shifted downfield in 111. T w o triplets appeared at 6 
4.11 and 6 3.93 in the specrum of 104 were shifted to 6 4.31 and 6 4.16 in that of 
111. Interestingly, the singlet at 6 6.95 in the specrum of 104，which is due to the ring 
protons, was splitted into a multiplet at 6 6.92-6.80 in the spectrum of 111. 
The diols 1 0 1 - 1 0 3 were converted to the corresponding ditosylates by the 
above two methods. ^H N M R spectrometry showed the presence of the desired 
products. However, attempts to purify them were not successful. 
2.3. 1:1 Cyclization - Preparation of Monoaza-15-crown-5 
A^-(4-Methoxyphenyl)benzomonoaza-15-crown-5 (112) and mixed aza-, oxa-, 
and thia-15-crown-5 compounds 1 1 6 - 1 1 9 were synthesized by the procedure of Luis 
7 7 
and co-workers used for the praparation of benzo-15-crown-5. Starting from 1,2-
bis(2-hydroxyethoxy)benzene and triethylene glycol ditosylate (Method A), it was 
shown to be the most convenient method for improved benzo- 15-crown-5 preparation. 
However, iV-arylated benzomonoaza- 15-crown-5 compounds 1 1 3 - 1 1 5 could only be 
prepared by reacting l,2-bis(2-tosyloxyethoxy)benzene(ll 1) with the appropriate N-
arylated diethanolamines 101-10 3 (Method B) due to the lack of the corresponding N-
arylated iV,iV-bis(2-tosyloxyethoxy)amines. 
A^-(4-Methoxyphenyl)benzomonoaza-15-crown-5 (112) was prepared by 
Method A. To a refluxing suspension of sodium hydride in dry tetrahydrofuran, a 
solution of 1,2-bis(2-hydroxyethoxy)benzene (104) and iV-4-methoxyphenyl-7V,A^ 
bis(2-tosyloxyethoxy)amine (110) in tetrahydrofuran was added slowly (Eq. 39). The 
resulting crown 112 was purified by column chromatography using chloroform as 
eluentand recrystallization from ethyl acetate. 
'f 
f ^ o n T s O ) 广 0 、 
O C . + N | Q M e ^ a 。 ) r ^ O M e 0^) 
V ^ O H T s O ^ 0 \ ^ 0 」 
1 0 4 1 1 0 1 1 2 
The other three A^ -arylated benzomonoaza-15-crown-5 compounds 113-115， 
on the other hand, were synthesized from the corresponding A^ -aryIated diethanol-
amines 101-103 (Method B). Although Luis and co-workers utilized only 5 equiv. of 
sodium hydride and small amount of solvent, the conditions of preparing 112 was 
used. By refluxing l,2-bis(2-tosyloxyethoxy)benzene (111) and A^ -aiyIateddiethanol-
amines 101-103，the crowns 113-115 were obtained in moderate yields (Eq. 40). 
o ^ ^ ^ O T s H O ^ r ^ o ^ 
r ^ J A N a H ^ ^ 0 、 
t X o + r 7 C C N Ar (40) 
V^OTs H O ^ \ ^ 0 " ^ 
111 101-103 113 Ar = 4-MeC6H4 (34%) 
114 Ar = 4-w-BuC6H4 (30%) 
115 Ar = 3,5-Me2C6H3 (33%) 
The ^H N M R spectra for these benzomonoaza- 15-crown-5 compounds 112-
115 were recorded. Fig. 8 shows a typical ^ H N M R spectrum of the crown 112. The 
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Besides, there are three sets of signals arising from the ethylene protons in the 
macrocycle. The virtual triplet at 6 4.13 is due to the four methylene protons nearer the 
1,2-phenylene unit. The other methylene protons next to oxygen atom appear as 
multiplet at 6 3.88-3.84. The remaining triplet at 6 3.60 can be ascribed to the 
methylene protons next to nitrogen. It is worth noting that changing the methoxy group 
to other functionalities (in 113-115) does not have significant effect on the chemical 
shifts of methylene groups. However, modifying the substituent on the A^ -aryl group 
has notable effect on the chemical shifts of the phenyl protons. For example, the 
AA'X X, pattem at 6 6.83 and 6.63 for 112 shifts to 6 7.03 and 6.58 in 114. The ^H 
N M R spectrum of the crown 114 is shown in Fig. 9 for comparison. 
Mixed aza-, oxa-, and thia-15-crown-5 compounds were prepared by the 
procedure used for the preparation of the crown 112 (Method A). Thus the crown 
compounds 116-119 were synthesized by condensation of A^-4-methoxyphenyl-N,N-
bis(2-tosyloxyethoxy)amine (110) with the appropriate diols or dithiols (Eq. 41). 
I"^"^ YH T s O - ^ r ^ Y - ^ 
r^X J / = N , ^/ NaH < X ) /=>^ / 
〔 X + ^ < S J r ^ ^ - 〔 X v O " 。 ⑷ ） 
y^ Y^H TsO^^ ^^^^,」 
X = 0 , Y = 0 110 1 1 6 X = 0 , Y = 0 (40%) 
105 X = S,Y = 0 1 1 7 X = S,Y = 0 (31%) 
106 X = S,Y==S 1 1 8 X = S,Y = S (50%) 
109 X = 0 , Y = S 1 1 9 X = 0 , Y = S (33%) 
The ^H N M R spectra for these monoaza-15-crown-5 compounds 116-119 
were recorded. The methoxy protons singlet was observed in all spectra at ca. 6 3.74. 
Replacement of oxygen atoms with sulfur atoms showed little effect on the chemical 
shift of the aromatic protons of which the signals appeared as a typical AA!X X, pattem 
atoz. 6 6.8 and 6 6.6. 
The ^ H N M R spectrum of crown 116 showed an overlapped singlet and triplet 
at 6 3.74 and 6 3.72 which are caused by the methoxy protons (ArOCH3) and the 
methylene protons p to nitrogen (OCH2CH2N), respectively (Fig. 10). A multiplet due 
to twelve methJflene protons was also observed at 6 3.74-3.64. The triplet at 6 3.54 can 
be ascribed to the methylene protons a to nitrogen (OCH2CH2N). 
By replacing two oxygen atoms with sulfur atoms, the multiplet appeared in the 
spectrum of 116 was resolved. In the ^H N M R spectrum of 117 (Fig. 11), two 
overlapping triplets at 6 3.70 ( O C ^ C t ^ N ) and 6 3.66 ( S C H s C ^ O ) were observed 
for the methylene protons a to oxygen. The triplet at 63.53 is caused by the methylene 
protons a to nitrogen (OCH2CH2N), which is close to that observed for 116. The 
singlet and triplet at 6 2.88 and 6 2.73 are due to four ethylene protons between the 
sulfur atoms {SCH2CH2S) and methylene protons p to oxygen (SCH2CH2O), 
respectively. The upfield shifts of the methylene protons are due to the less 
electronegative sulfur atoms. 
I 
Further substitution of oxygen atoms with sulfur atoms, however, simplified 丨 
I 
the resulting ^ H N M R spectrum. The spectrum of 118 showed a broad triplet at 6 3.46 ;l 
I 
which is caused by the methylene protons a to nitrogen (SCH2CH2N). The 
overlapping singlet and broad triplet at 6 2.77 and 2.70 were attributed to the twelve 
ethylene protons between the sulfur atoms and methylene protons p to nitrogen 
(SCH2CH2N), respectively. As a results, by replacing all the oxygen atoms in the 
macrocycle with sulfur atoms, the multiplet at 6 3.74-3.64 due to twelve ethylene 
protons changed to a singlet at 6 2.77. 
Exchanging the positions of the oxygen and sulfur atoms, the overlapping 
triplets at 6 3.70 and 3.66 appeared in the ^ H N M R spectrum of 117 were further 
resolved. In the ^ H N M R spectrum of 119，a triplet appeared at 6 3.80 which is due to 
the methylene protons a to oxygen and p to sulfur (OCi^CHsS). The spectrum also 
showed a singlet at 6 3.64 and a broad triplet at 6 3.56 due to the ethylene protons 
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Fig. 11 ^H N M R spectrum of A^ -(4-methoxyphenyl)-l-aza-4,13-dioxa-7,10-dithia-
cyclopentadecane (117) in CDCl3 
between the two oxygen atoms and the methylene protons a to nitrogen (OCH2C//2N), 
respectively. The signals due to the methylene protons p to nitrogen (SC"2CH2N) 
appeared as a broad triplet at 6 2.87. The most upfieId triplet at 6 2.75 is attributed to 
the methylene protons a to sulfur and p to oxygen (OCH2CH2S). 
For the Ailfur containing crown compounds studied herein, the triplets usually 
show broadening and/or complex splitting. It has been illustrated by Bradshaw and co-
86 
workers that the crown compounds having two or more sulfur atoms are puckered 
and rather conformationally rigid The splitting of the triplets observed here is a further 
evidence of the ring puckering. 
2.4. Crystal Structure of iV-(4-Methoxyphenyl)benzomono-
aza-15-crown-5 (112) 
Crystals of A^-(4-methoxyphenyl)benzomonoaza-15-crown-5 (112) were 
grown from ethyl acetate by slow evaporation. The material crystallized in the form of a 
colorless plate. Figure 12 shows a O R T E P plot of the structure of 112. 
C(7) C(8l 
y ^ y T ^ 。 . 咖 
" ' H " " / ^ H 
c r - ^ o . c"6' ^ 参 
cii3i c12i) 
Fig. 12 A perspective O R T E P drawing of 112. H atoms are omitted for clarity. The 
thermal ellipsoids are drawn at the 35% probability level. 
The molecular packing down the b axis is depicted in Figure 13. The crystal 
data is given in Table 4. Selected bond lengths and bond angles are list in Table 5 and 
6，respectively. Other related data are given in the appendix. 
^ ^ ¾ ^ ¾ ^ ^ ^ 
^ ^ ^ ¾ ^ ^ ^ ¾ 
C ^ ^ ^ = ^ ^ ^ ^ ^ 
Fig. 13 Molecular packing of 112 down the b axis. 
Table 4 Crystal Data of A^-(4-methoxyphenyl)benzomonoaza-15-crown-5 (112) 
Empirical Formula C H N 0 
21 27 5 
Color; Habit Colorless plate 
Crystal size (mm) 0.08 x 0.50 x 0.50 
Crystal System Orthorhombic 
Space Group Pna2^ 
Unit Cell Dimensions a = 8.682(1) A 
b = 8.246(1) A 
c = 27.922(3) A 
Volume 1999(1) A^ 
Z 4 
Formula weight 373.4 
Density{calc.) 1.241 Mg/m^ 
Absorption Coefficient 0.088 mm"^ 
F(000) 800 
Table 5 Selected bond lengths (A) of A^-(4-methoxyphenyl)benzomonoaza-15-crown-
5(112) 
0 ( 1 ) - C ( 1 ) 1 . 3 7 0 (3 ) 0 ( l ) - C ( 7 ) 1 . 4 2 4 (3 ) 
0 ( 2 ) - C ( 2 ) 1 . 3 7 2 (3) 0 ( 2 ) - C ( 1 4 ) 1 . 4 3 1 (3 ) 
0 ( 3 ) - C ( 8 ) � 1 . 4 1 7 (3 ) 0 ( 3 ) - C ( 9 ) 1 . 4 1 5 (4 ) 
0 ( 4 ) - C ( 1 2 ) 1 . 4 2 4 (3 ) 0 ( 4 ) - C ( 1 3 ) 1 . 4 2 6 (3 ) 
0 ( 5 ) - C ( 1 8 ) 1 . 3 7 6 (3 ) 0 ( 5 ) - C ( 2 1 ) 1 . 3 9 1 (4 ) 
N ( l ) - C ( 1 0 ) 1 . 4 4 6 (3) N ( 1 ) - C ( 1 1 ) 1 . 4 5 8 (3 ) 
N ( l ) - C ( 1 5 ) 1 . 3 9 7 (3) C ( l ) - C ( 2 ) 1 . 3 9 2 (3 ) 
C ( l ) - C ( 6 ) 1 . 3 9 2 (4) C ( 2 ) - C ( 3 ) 1 . 3 8 1 (4 ) 
C ( 3 ) - C ( 4 ) 1 . 3 9 0 (4) C ( 4 ) - C ( 5 ) 1 . 3 7 7 (4) 
C ( 5 ) - C ( 6 ) 1 . 3 7 7 (4) C ( 7 ) - C ( 8 ) 1 . 4 9 3 (5) 
C ( 9 ) - C ( 1 0 ) 1 . 5 0 1 (4) C ( l l ) - C ( 1 2 ) 1 . 5 2 1 (3 ) 
C ( 1 3 ) - C ( 1 4 ) 1 . 5 0 0 (4) C ( 1 5 ) - C ( 1 6 ) 1 . 3 8 3 (3 ) 
C ( 1 5 ) - C ( 2 0 ) 1 . 4 1 4 (4 ) C ( 1 6 ) " C ( 1 7 ) 1 . 3 9 5 (3 ) 
C ( 1 7 ) - C ( 1 8 ) 1 . 3 7 6 (4 ) C ( 1 8 ) - C ( 1 9 ) 1 . 3 8 0 (3 ) 
C ( 1 9 ) - C ( 2 0 ) 1 . 3 8 1 (4 ) 
Table 6 Selected bond angles (°) of A^-(4-methoxyphenyI)benzomonoaza-15-crown-5 
(112) 
C ( l ) - 0 ( l ) - C ( 7 ) 1 1 9 . 1 ( 2 ) C ( 2 ) - 0 ( 2 ) - C ( 1 4 ) 1 1 7 . 2 ( 2 ) 
C ( 8 ) - 0 ( 3 ) - C ( 9 ) 1 1 3 . 0 ( 2 ) C ( 1 2 ) - 0 ( 4 ) - C ( 1 3 ) 1 1 6 . 3 ( 2 ) 
C ( 1 8 ) - 0 ( 5 ) - C ( 2 1 ) 1 1 8 . 4 ( 3 ) C ( 10 )-N(1 )-C (11 ) 1 1 9 . 6 ( 2 ) 
C ( 1 0 ) - N ( l ) - C ( 1 5 ) 1 2 0 . 8 ( 2 ) C ( l l ) - N ( l ) - C ( 1 5 ) 1 1 9 . 5 ( 2 ) 
0 ( l ) - C ( l ) - C ( 2 ) 1 1 5 . 4 ( 2 ) 0 ( l ) - C ( l ) - C ( 6 ) 1 2 5 . 3 ( 2 ) 
C ( 2 ) - C ( l ) - C ( 6 ) 1 1 9 . 4 ( 2 ) 0 ( 2 ) - C ( 2 ) - C ( l ) 1 1 4 . 8 ( 2 ) 
0 ( 2 ) _ C ( 2 ) _ C ( 3 ) 1 2 4 . 6 ( 2 ) C ( l ) - C ( 2 ) - C ( 3 ) 1 2 0 . 5 ( 2 ) 
C ( 2 ) _ C ( 3 ) _ C ( 4 ) 1 1 9 . 4 ( 2 ) C ( 3 )-C (4 )-C (5 ) 1 2 0 . 2 ( 3 ) 
C { 4 )-C (5 )-C (6 ) 1 2 0 . 5 ( 3 ) C ( l ) - C ( 6 ) - C ( 5 ) 1 2 0 . 0 ( 3 ) 
0 ( l ) _ C ( 7 ) _ C ( 8 ) 1 0 7 . 3 ( 2 ) 0 ( 3 ) _ C ( 8 ) _ C ( 7 ) 1 0 8 . 1 ( 2 ) 
O ( 3 ) - C ( 9 ) - C ( 1 0 ) 1 0 9 . 1 ( 2 ) N { l )-C(10 )-C(9 ) 1 1 5 . 1 ( 2 ) 
N ( l ) - C ( l l ) - C ( 1 2 ) 1 1 4 . 6 ( 2 ) 0 ( 4 ) - C ( 1 2 ) - C ( l l ) 1 0 5 . 1 ( 2 ) 
0 ( 4 ) - C ( 1 3 ) - C ( 1 4 ) 1 1 3 . 2 ( 2 ) 0 ( 2 ) - C ( 1 4 ) - C ( 1 3 ) 1 0 8 . 7 ( 2 ) 
N ( l ) - C ( 1 5 ) - C ( 1 6 ) 1 2 2 . 1 ( 2 ) N ( l ) - C ( 1 5 ) - C ( 2 0 ) 1 2 1 . 2 ( 2 ) 
C ( 1 6 ) - C ( 1 5 ) - C ( 2 0 ) 1 1 6 . 7 ( 2 ) C ( 15 )-C(16 )-C(17 ) 1 2 2 . 2 ( 2 ) 
C ( 1 6 ) _ C ( 1 7 ) _ C ( 1 8 ) 1 2 0 . 1 ( 2 ) 0 ( 5 ) - C ( 1 8 ) - C ( 1 7 ) 1 2 5 . 0 ( 2 ) 
0 (5 )-C( .18 )-C(19 ) 1 1 6 . 3 ( 2 ) C ( 17 )-C(18 )-C(19 ) 1 1 8 . 8 ( 2 ) 
C ( 1 8 ) - C ( 1 9 ) - C ( 2 0 ) 1 2 1 . 5 ( 2 ) C ( 15 )-C(20 )-C(19 ) 1 2 0 . 7 ( 2 ) 
2.5. Complexation of Monoaza-15-crown-5 
The complexation properties of monoaza-15-crown-5 compounds were briefly 
examined by preparing complexes with alkali metal and lanthanide salts, and 
if 
performing extraction with metal picrates in a chloroform-water system. Literature 
procedures used for similar 15-crown-5 compounds were followed. 
8 7 
In order to prepare the alkali metal complexes, the procedure of Gokel used 
for the preparation of potassium complexes of A^ -substituted monoaza-15-crown-5 
compounds was employed. A^-(4-Methylphenyl)benzomonoaza-15-crown-5 (113) was 
treated with excess potassium iodide in dichloromethane. The crude product was 
recrystallized from tetrahydrofuran yielding colorless crystals. However, the melting 
point of the crystals indicated that it was the uncomplexed crown. 
Treatment of A^-(4-w-butylphenyl)benzomonoaza-15-crown-5 (114) with 
excess potassium iodide in dichloromethane, under similar conditions, also yielded 
colorless crystals. The atmospheric pressure chemical ionization (APCI) mass spectrum 
of the crystals showed an intense protonated molecular ion (M+H)+ peak of 114 as the 
base peak. N o signal indicating the potassium complex of 114 appeared in the 
spectrum. Recovery of 114 was confirmed by comparing the infrared spectra of 114 
with that of the crystals. No significant change on the absorption bands was observed. 
The complexation of lanthanide salts with benzomonoaza-15-crown-5 was also 
studied. A solution of N-(4-methoxyphenyl)benzomonoaza-15-crown-5 (112) in 
acetonitrile was mixed with lanthanide (Nd or Sm) nitrate in acetronitrile. 
Unfortunately, the crown 112 was recovered by slow evaporation of the solvent. The 
result was confirmed by measuring the melting point of the crystals collected. 
The metal complexing ability of monoaza-15-crown-5 116 was briefly 
examined by the procedure described by Lu and Wu.^^ The sodium picrate was 
prepared by neutralizing a saturated solution of picric acid in ethanol with sodium 
hydroxide. Barium picrate was prepared by similar method from barium hydroxide. 
A chloroform solution of 116 and an aqueous solution of sodium or barium picrate 
(1:1 by mole) were mixed. The resulting two-phases mixture was vigorously stirred for 
15 min and allowed to stand for another 15 min to complete the phase separation. A 
similar mixture Without the crown ether was prepared similarly as a blank. The UV/VIS 
spectra of the aqueous portion of both samples were measured. The percentage of 
picrate extracted was calculated from the absorbance at 350 nm. Unfortunately, the 
results showed that no significant amount of metal salt was extracted by the crown ether 
within experimental error. It was unexpected since significant changes were observed 
in the extraction experiments of A^ -alkylated benzomonoaza-15-crown-5 compounds. ^ ^ 
With different substituents attached to the nitrogen, the crown compounds showed 
21.8-76.7% of picrate extracted. Further experiments should be performed to clarify 
these results. 
2.6. Conclusion 
T w o series of monoaza- 15-crown-5 compounds were synthesized. Treatment 
of the diols or dithiols with the ditosylates and sodium hydride in refluxing 
tetrahydrofuran was shown to be a simple route to monoaza-15-crown-5. The crystal 
structure of A^-(4-methoxyphenyl)benzomonoaza-15-crown-5 is reported. The effects 
of the heteroatoms introduced on the physical and chemical properties of the 
macrocycles are described. The complexing abilities of the monoaza-15-crown-5 
compounds were briefly examined by complex formation with alkali or lanthanide salts 
and extratction with metal picrates in a chloroform-water system. All monoaza-15-
crown-5 compounds were fully characterized by ^H and ^^C N M R , IR, and mass 
spectrometries. 
3. MISCELLANEOUS SYNTHESES 
3.1 Preparation of Tetrabromobenzo-24-crown-8 
if 
Dibenzo-24-crown-8 ( D B C ) was prepared according to the literature procedure 
8 9 
reported by Pedersen, which involved a 2:2 cyclization methodology. By refluxing 
sodium salt of catechol in 1-butanol with 1,2-bis(2-chloroethoxy)ethane, D B C was 
obtained in moderate yield (Eq. 42). Purification by column chromatography with a 
ethyl acetate-hexane mixture and recrystallization from ethanol gave colorless crystals. 
/ ~ \ 
^ ^ o O""^ 
r T + 广 八 1 - ^ fY 。n (42) 
、 ^ ^ \ / 1-Butanol K ^ y ^ ^ X ^ 
^ ^ < ^ O H C1 a ^ ^ o o ^ ^ 
^ o ^ ^ ^ ^ / o J 
Dibenzo-24-crown-8 
In the ^ H N M R spectrum of D B C , the singlet at 6 6.88 is due to the aromatic 
protons of the 1,2-phenylene unit. The two triplets at 6 4.15 and 3.92 are due to the 
methylene protons a and p to the 1,2-phenylene units (OCH2CH2OAr), respectively. 
The singlet at 63.84 is attributed to the central eight ethylene protons. 
Tetrabomodibenzo-24-crown-8 (Br4DBC) was prepared by treating D B C 
with bromine in polar dichloromethane. Catalytic amount of iron and iodine were also 
added to promote the reaction (Eq. 43). Purification by column chromatography with a 
ethyl acetate-hexane mixture and recrystallization from ethanol gave colorless crystals. 
In the ^ H N M R spectrum of Br4DBC, the singlet due to the aromatic protons 
is shifted downfield to 6 7.05. The appearance of one singlet at the aromatic region 
showed that the D B C was symmetrically brominated. The two triplets at 6 4.10 and 6 
3.88 are due to the ethylene protons near the 1,2-phenylene unit as described for D B C . 
The singlet at63.79 is attributed to the remaining eight ethylene protons. 
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D B C Tetrabromodi benzo-24-crown-8 
3.2 Complexation of Tetrabromodibenzo-24-crown-8 
Complexation of tetrabromodibenzo-24-crown-8 (Br4DBC) with lead(II) 
nitrate was demonstrated by M A L D I - T O F experiment using 2,5-dihydroxybenzoic acid 
(DHB) as matrix. It is interesting to note that the quasimolecular ion generated is’ 
however, singly charged. Presumably, this singly-charged species [Br4DBC + Pb + 
(DHB - H)]+ is formed by addition of both metal ion (Pb:+) and deprotonated matrix 
moiety (DHB - H)" to the Br4DBC core. Fig. 14 shows a typical positive-ion MALDI-
T O F mass spectrum of Br4DBC with the addition of lead(II) nitrate using D H B 
matrix. The observed quasimolecular ion shows pattern which is in good agreement 
with the simulated spectrum for [Br4DBC + Pb + (DHB - H)]+. The result is consistent 
with the study of complexation of polyethylene glycol, cyclic polyethylene oxide, and 
9 0 
a-cyclodextrin with some divalent and trivalent metal ions. The singly-charged 
quasimolecular ions were observed in all cases. 
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Fig. 14 Positive-ion MALDI-TOF mass spectrum of Br4DBC with Pb(NO3)2. D H B 
was used as matrix. The insert displays the simulated spectrum for the quasimolecular 
ions - [Br4DBC + Pb + (DHB - H)]+. 
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4. EXPERIMENATL SECTION 
4.1. General Directions 
'f 
Dichloromethane and tetrahydrofuran (THF) were dried over calcium hydride 
and sodium benzophenone ketyl, respectively. The mixture were refluxed under 
nitrogen for at least 12 h before distillation. Chromatographies were preformed on silica 
gel columns (Merck, 70-230 mesh). All other solvents and reagents were of reagent 
grade and were used as received. 
The ^H and ^ ¾ N M R spectra were recorded on a Bruker W M 250 spectro-
meter (250MHz) in CDCl3. Spectra were referenced internally using the residue solvent 
1 13 
( H ) or solvent ( C) resonances relative to tetramethylsilane (6 = 0). The UV/VIS 
absorption spectra were obtained on a Hitachi U-3300 spectrophotometer. Infrared 
spectra were recorded on a Nicolet 205 FT-IR spectrometer or on a Nicolet 550 FT-IR 
spectrometer as KBr pellets. L-SI mass spectra were measured on a Bruker A P E X 47e 
ultra-high resolution Fourier transform ion cyclotron resonance (FT-ICR) mass 
spectrometer. M A L D I - T O F spectra were recorded on a Bruker Bench T O F mass 
spectrometer equipped with a standard UV-laser desorption source. 
4.2. Preparation of Diols and Dithiols 
7V,A^-Di(2-hydroxyethyl)-p-anisidine (100). In a 250 ml round-
bottomed flask connected with a condenser, /7-anisidine (30.8 g, 0.25 mol), 2-chloro-
ethanol (83.8 ml, 1.25 mol), and calcium carbonate (35.0 g, 0.35 mol) were mixed in 
water (250 ml). The mixture was then heated under reflux for 48 h with vigorous 
stirring. The resulting mixture was filtered. The solid was washed with hot water. The 
filtrate was cooled to room temperature, saturated with sodium chloride and extracted 
with diethyl ether. The combined organic layers were dried over magnesium sulfate and 
evaporated by rotary evaporator. The resulting purple liquid was stored at -20。C 
ovemight. The product was obtained by filtration and dried under reduced pressure as a 
purple crystalline solid (13.2 g, 25%). ^ H N M R : 6 6.83 (d, J = 9.1 Hz, 2H, kxH), 
6.73 (d, J = ^.1 Hz, 2H, AvH), 3.80-3.70 (s+t, 7H), 3.43 (t, J = 4.6 Hz, 4H, 
NCH2CH2OH). i3c N M R : 6 152.3, 142.6, 115.6, 114.8，60.5，55.9, 55.7. H R M S 
(L-SIMS) calcdforC11H17NO3 (M+) 211.1208，found 211.1210. 
N ,A^-Di(2-hydroxyethyI)-p-toIuidine (101). Compound 101 was 
prepared as described above with p-toluidine (10.7 g, 0.1 mol), 2-chloroethanol (33.5 
ml, 0.5 mol), calcium carbonate (14 g, 1.4 mol), and water (100 ml). The crude 
product was purified by column chromatography using a dichloromethane-ethanol 
mixture (95:5 v/v) as eluent and dried under reduced pressure at 50 °C ovemight 
yielding a pale brown liquid that solidified upon standing (4.33 g, 22%). ^ H N M R : 6 
7.01 (d, J^=8.7 Hz, 2H, ArH), 6.56 (d, 7=8.7 Hz, 2H, Ari^, 4.30 (s, 2H, OH), 
3.73 (t, J = 4.8 Hz, 4H, N C H 2 C H 2 O H ) , 3.45 (t, J = 4.8 Hz, 4H, N C H 2 C H 2 O H ) , 
2.22 (s, 3H, ArCH3). i 3 c N M R : 6 145.7, 129.7, 126.2’ 112.9’ 60.6，55.4, 20.1. M S 
(EI): m/z 195 (M+)，164 (base peak). H R M S (L-SIMS) calcd forCnHigNOa (M+H)+ 
196.1332, found 196.1332. 
4-w-ButyI-N,N-di(2-hydroxyethyI)aniIine (102). Compound 102 was 
prepared as described above with 4-n-butylaniline (15 g, 0.1 mol), 2-chloroethanol 
(33.5 ml, 0.5 mol), calcium carbonate (14 g, 1.4 mol), and water (100 ml). The crude 
‘ product was purified by column chromatography with dichloromethane-ethanoI (98:2 
v/v) as eluent and dried under reduced pressure at 50 °C ovemight yielding a pale 
brown liquid that solidified upon standing (4.15 g, 17%). ^ H N M R : 6 7.02 (d, J = 8.6 
Hz, 2H, AvH), 6.5 (d, J=8.6 Hz, 2H, Ari^, 4.53 (s, 2H, OH), 3.71 (t, 7=4.8 Hz, 
4H, NCH2CH2OH)’ 3.43 (t, J = 4.8 Hz, 4H, NCH2CH2OH), 2.49 (t, J = 7.6 Hz, 
2H, ArCH2), 1.54 (quintet,J=7.5 Hz, 2H, ArCH2CH2), 135 (sextet, J = 7.3 Hz, 
2H, CH2CH3), 0.91 (t, J = 7 . 2 Hz, 3H, CH3). ^ ¾ N M R : 6 145.8’ 131.3，129.1, 
112.6, 60.6，55.4, 34.4，33.9, 22.3，13.9. M S (EI): m/z 237 (M+)，206 (base peak). 
H R M S (L-SIMS) caIcd forC14H24NO2 (M+H+) 238.1971，found 238.1802. 
3.5-Dimethyl-N,N-di(2-hydroxyethyl)anil ine (103). Compound 103 
was prepared as described above with 3,5-dimethylaniline (12.5 ml, 0.1 mol), 2-
chloroethanol (3?B.5 ml, 0.5 mol), calcium carbonate (14.0 g, 1.4 mol), and water (100 
ml). Drying under reduced pressure at 50 °C ovemight yielded a pale yellow solid (7.0 
g，33%). ^ H N M R : 6 6.51 (s, lH, ArH), 6.47 (s, 2H, AvH), 3.77 (t, J= 4.8 Hz, 4 H , 
NCH2CH2OH), 3.54 (t, J =4.8 Hz, 4H, NCH2CH2OH), 2.27 (s, 6H, ArCH3). ^¾ 
N M R : 6 145.9, 139.0，121.1，111.9，59.5, 56.1，21.5. M S (EI): m/z 209 (M+)，178 
(base peak). 
l ,2-Bis(hydroxyethoxy)benzene (104). In a 250 ml two-necked round-
bottomed flask connected with a condenser, catechol (11 g，0.1 mol) and potassium 
hydroxide (11 g, 0.2 mol) were dissolved in 1-butanol (150 ml) under nitrogen. 2-
Chloroethanol (17 ml, 0.25 mol) was then added dropwise with stirring. The mixture 
was stirred at 100 °C for 48 h. The resulting mixture was cooled and filtered. The 
filtrate was then distilled under reduced pressure and the residue was then dissolved in 
ethyl acetate. The solution was dried over magnesium sulfate and treated with charcoal. 
The dried solution was filtered and the solvent was removed by rotary evaporator. The 
crude product was purified by column chromatography over silica gel using ethyl 
acetate as eluent. The product was dried under reduced pressure at 50 °C and obtained 
as a white solids (8 g, 40%). M p . 83-84 °C. ^H N M R : 6 6.95 (s, 4H, ArH), 4.11 (t, J 
二 4.3 Hz, 4H, ArOCH2), 3.93 (t, J = 4.3 Hz, 4H, CH2OH), 3.43 (s, 2H, OH). ^¾ 
N M R : 6 149.0，122.4, 115.7, 71.8’ 61.2. 
3.6-Dithiaoctane-l,8-diol (105). In a 250 ml three-necked round-
bottomed flask connected with a condenser, sodium metal (5.75 g, 0.25 mol) was 
slowly dissolved in absolute ethanol (250 ml) with vigorous stirring under nitrogen. 
The resulting mixture was then heated gently. 1,2-Ethanedithiol (10.42 ml, 0.125 moI) 
was slowly added through an additional funnel into the mixture. To the resulting 
solution, 2-chloroethanol (16.8 ml, 0.25 mol) was cautiously added through an 
additional funnel. The reaction mixture was then refluxed for 6 h, cooled, filtered, and 
concentrated by rotary evaporation yielding a white solid (19.5 g, 86%). ^ H N M R : 6 
3.76 (t,J=5.9 Hz, 4H, CH2CH2OH), 2.8-2.7 (s+t, 8H, CH2SCH2CH2SCH2)’ 2.40 
(s，2H, OH), i3fc N M R : 6 60.7，35.3，32.1. 
3,6-Dithiaoctane-l,8-dithiol (106). In a 500 ml two-necked round-
bottomed flask connected with a condenser, conc. hydrochloric acid (30 ml) was added 
to a suspension of 3,6-dithia-l,8-octanediol (105) (10.0 g, 55 mmol) and thiourea 
(8.37 g, 110 mmol). The initial suspension was refluxed for 15 h under nitrogen with 
vigourous stirring and cooled to room temperature. Potassium hydroxide solution (19.1 
g in 110 ml water, 340 mmol) was carefully added to the resulting white suspension. 
Upon heating the white solid dissolved, and the mixture was then refluxed with stirring 
under nitrogen for 3 h and cooled to room termperature. The precipitate was removed. 
The resulting liquid was acidified with aqueous hydrochloric acid (1 M ) and extracted 
with diethyl ether (3 X 200 ml). The combined organic extracts were dried over 
magnesium sulfate and rotary-evaporated to dryness yielding the pure product as a 
viscous oil (3.24 g, 28%) that solidified upon standing. The remaining product can be 
obatined by dissolving the removed precipitate in a mixture of ether and water (200 ml, 
1:1 v/v), acidifing with 3N hydrochloric acid and extracting with diethyl ether as 
described above. ^H N M R : 6 2.90-2.60 (m, 12H), 1.77 (t,7= 7.6 Hz, 2H, SH). ^¾ 
N M R : 6 36.1, 32.0，24.6. 
Aqueous Sodium Trithiocarbonate. In a 500 ml round-bottomed flask 
connected with an additional funnel, sodium sulfide (112 g, 0.86 mol，60-62% scales) 
was dissolved in water (200 ml) at 30 °C with vigorous stirring. Carbon disulfide (56.8 
ml, 0.94 mol) was added dropwise to the light yellow clear solution with stirring. The 
resulting light red solution was slowly heated to 40 °C, stirred for 6 h and cooled to 
room temperature. The excess carbon disulfide was removed under reduced presure at 
room temperature. Dilution of the resulting deep red liquid with water (250 ml) 
！ 
afforded an aqueous sodium trithiocarbonate solution (400 ml, ca. 3 3 % in water). 
3,6-Dioxaoctane-l ,8-dithioI (109). In a 1 L Erlenmeyer flask connected 
with an additional funnel, triglycol dichloride (46.8 ml, 0.3 mol) was added dropwise 
to an aqueous sodium trithiocarbonate solution (400 ml, 0.86 mol, ca. 3 3 % in water) at 
room temperatui^e in 30 min. The reaction mixture was heated slowly to 60 °C，stirred 
for 5 h and cooled to room temperature. The resulting solution was extracted with 
diethyl ether (100 ml). The aqueous layer was acidified with conc. sulfuric acid. The 
yellowish aqueous layer was extracted with diethyl ether (4 X 100 ml). The combined 
organic layers were washed with water (50 ml), dried over anhydrous magnesium 
sulfate and evaporated by rotary evaporator. The crude product was distilled under 
reduced pressure yielding a light yellow liquid (47 g, 86%). Bp 90-95 °C (0.7 m m ) 
(lit.80 bp 125-131。C (5mm))，^H N M R : 6 3.64 (s, 4H, OCH2CH2O), 3.63 (t, 7=6.4 
Hz, 4H, OCH2CH2S), 2.73 (t, J=6.4 Hz, 2H, OCH2CH2S), 2.69 (t, J = 6.5 Hz, 
2H, OCH2CH2S), 1.60 (t,J=8.2 Hz, 2H, SH). ^ ¾ N M R : 6 72.8, 70.1，24.2. 
4.3. Preparation of Ditosylates 
N,N-Di(2-tosylyethyI)-/;-anisidine (110). In a 50 ml Erlenmeyer Flask 
connected with an additional funnel, p-toluenesulfonyl chloride (7.00 g, 36.7 mmol) in 
pyridine (15 ml) was added slowly into a solution of A^7V-di(2-hydroxyethyl)-
p-anisidine (100) (3.25 g, 15.4 mmol) in pyridine (10 ml) with vigorous stirring at -10 
°C. The reaction mixture was stirred ovemight. The resulting suspension was poured 
over ice (40 g) in portion with vigorous stirring. The light green solid was collected by 
suction filtration and dried in vacuo overnight yielding a light green powder (7.74 g, 
96.7%). iH N M R : 6 7.71 (d, J=8.3 Hz, 2H, ArH), 7.29 (d,7=8.1 Hz, 2H, kxH), 
6.72 (d, J = 9.1 Hz, 2H, kxH), 6.45 (d, J 二 9.1 Hz, 2H, ArH), 4.04 (t, J = 6.0 Hz, 
4H, TsOO^CHzN)，3.74 (s, 3H, ArOCH3), 3.47 (t, J = 6.0 Hz, 4H, 
TsOCH2CH2N), 2.43 (s, 6H, kxCm). i3c N M R : 6 144.8, 140.3，132.7’ 129.8, 
127.8, 115.1, 114.8，66.9，55.6, 51.1, 21.6. H R M S (L-SIMS) calcd for 
C25H29NO7S2 (M^) 519.1385, found 519.1327. 
l ,2-Bis( tosyloxyethoxy)benzene (111). In a 100 ml conical flask, a 
solution of 1,2-liis(hydroxyethoxy)benzene (104) (2 g, 10 mmol) in T H F (20 ml) was 
mixed with an aqueous sodium hydroxide solution (20 ml, 1.75 M). p-Toluenesulfonyl 
chloride (7.6 g, 20 mmol) in T H F (30 ml) was then added dropwise to the ice-cold 
mixture. The mixture was stirred for 6 h at 0 °C. The resulting solution was poured 
slowly to 10% hydrochloric acid (50 ml) with stirring. The white solid was separated 
from the mixture by suction filtration. The product was dried under reduced pressure 
and obtained as a white solid (4.6 g, 90%). M p . 92-93 °C. ^H N M R : 6 7.78 (d, J = 
8.0 Hz, 4H, ArH), 7.33 (d, J= 8.1 Hz, 4H, ArH), 6.90-6.78 (m, 4H, kxH), 4.31 (t, 
7=4.5 Hz, 4H, OCH2CH2OTs), 4.16 (t，/=4.5 Hz, 4H, OC^CHsOTs)，2.43 (s, 
6H, ArCH3). i 3 c N M R : 6 148.4，144.9, 132.8, 129.9, 127.9，122.6，116.3，68.2, 
67.3, 21.6. M S (EI): m/z 506 (M+)’ 91 (base peak). 
4.4. 1:1 Cyclization -- Preparation of Monoaza-15-crown-5 
N-(4-Methoxyphenyl)benzomonoaza-15-crown-5 (112). In a 500 ml 
two-necked round-bottomed flask connected with a condenser, sodium hydride (1.8 g, 
45.3 mmol, 60% dispersion in paraffin oil) was suspended in dry T H F (200 ml). The 
suspension was refluxed for 1 h. A solution of 1,2-bis(hydroxyethoxy)benzene (104) 
(0.87 g, 4.4 mmol) and 4-methoxy-A^iV-di-(2-tosyloxyethyl)aniline(110) (2.30 g, 
4.4 mmol) in dry T H F (200 ml) was added slowly through an additional funnel with 
stirring. The reaction mixture was then refluxed for 24 h. The resulting mixture was 
acidified with 3N hydrochloric acid (10 ml) and then filtered. The solvent was removed 
by rotary evaporator. The residue was dissolved in chloroform, dried over calcium 
chloride, filtered, and concentrated under vaccum. The crude product was purified by 
column chromatography over silica gel using a chloroform-ethanol mixture (98:2 v/v) 
as eluent yielding a brown solid. The pure product was obtained by recrystallizaion 
from ethyl acetate as colorless crystals (0.56 g，34%). ^ H N M R : 6 6.81 (m+d, 6H, 
ArH), 6.70 ( d J = 9.1 Hz, 2H, ArH), 4.13 (t, J=4.1 Hz, 3H, ArOCH2CH2O), 3.90-
3.80 (m, 8H, OCHzCHzOO^CHzO)，3.76 (s, 3H, ArOCH3), 3.59 (t,7= 6.1 Hz, 
4H, OCH2CH2N). i 3 c N M R : 6 150.9, 148.8，142.1, 121.1，115.1, 113.0, 112.6， 
69.6’ 69.2, 55.9’ 52.8. M S (EI): m/z 373 (M+), 121 (base peak). Anal. Calcd C, 
67.54; H , 7.29; N, 3.75. Found C, 67.68; H, 7.47; N, 3.79. 
N-(4-Methylphenyl)benzomonoaza-15-crown-5 (113). Compound 
113 was prepared following the same method as described for the preparation of 112 
from sodium hydride (3.6 g, 90.6 mmol, 60% dispersion in paraffin oil), N,N-bis(2-
hydroxyethyl)-p-toluidine (101) (1.72 g, 8.8 mmol) and 1,2-bis(tosyloxyethoxy)-
benzene (111) (4.46 g, 8.8 mmol) in dry T H F (800 ml). The crude product was 
purified by column chromatography with chloroform as eluent yielding a pale brown 
solid which was recrystallized from ethyl acetate as colorless crystals (1.07 g, 34%). 
M p . 147-148 °C. IR (KBr pellet): 3425w, 2921s，2876s，2823w, 1616s，1591m， 
1521s，1509s，1452s，1383s’ 1350m, 1328m，1261s, 1222s’ 1193m, 1129s，1054s, 
1007w, 980s，934w, 804s’ 747s，482w cm \ ^H N M R : 6 7.03 (d, J = 8.5 Hz, 2H, 
MH), 6.87 (m, 4 H , ArH), 6.57 ( d , J = 8.5 H z , 2 H , ArH)’ 4.11 (t, J=3.9 H z , 4 H , 
AK)OT2CH2O), 3.87 (m, 8H, OCH2CH2OCH2CH2O), 3.60 (t, J = 6.1 Hz, 4H, 
OCH2CH2N), 2.24 (s, 3H, AvCHs)- ^^C N M R : 6 148.8, 145.1, 129.8, 124.8, 121.1， 
113.0’ 111.4，69.6，69.5, 69.2, 52.5, 20.1. M S (EI): m/z 357 (M+)’ 190 (base peak). 
Anal. Calcd C, 70.56; H, 7.61; N, 3.92. Found C，70.32; H, 7.69; N , 3.91. 
N-(4-n-Butylphenyl)benzomonoaza-15-crown-5 (114). Compound 
114 was prepared following the same method as described for the preparation of 112 
from sodium hydride (1.8 g, 45.3 mmol, 60% dispersion in paraffin oil), 4-n-butyl-
A^,A^-bis(2-hydroxyethyl)aniline (102) (1.04 g, 4.4 mmol), and l,2-bis(tosyloxy-
ethoxy)benzene (111) (2.23 g, 4.4 mmol) in dry T H F (400 ml). The crude product 
was purified by column chromatography with chloroform as eluent yielding a pale 
yellow solid which was recrystallized from ethyl acetate as colorless crystals (0.53 g, 
30%). M p . 115-116。C. IR (KBr pellet): 3064w, 2960m’ 2921s，2875s, 1615m, 
1595m, 1521vs^ 1508vs, 1453s，1380s，1260vs, 1222vs, 1134s, 1053s’ 977m, 744s 
cm"\ ^H N M R : 6 7.03 (d,J=8.3 Hz, 2H, AvH), 6.95-6.80 (m, 4H, ArH), 6.58 (d, 
J= 8.5 Hz, 2H, ArH), 4.11 (t, 7=3.8 Hz, 4H, ArOCH2CH2O), 3.90-3.70 (m, 8H, 
OCH2CH2OCH2CH2O), 3.60 (t,J=6.0 Hz, 4H, OCH2CH2N), 2.50 (t, 7=7.6 Hz’ 
2H, ArCH2), 1.55 (quintet, J = 7 . 5 Hz, 6H, ArCH2CH2), 1.36 (sextet, J^=7.4 Hz, 
6H, ArCH2CH2CH2), 0.92 (t, J = 7.2 Hz, 6H, C/i). ^ ¾ N M R : 6 148.8，145.3, 
130.0, 129.2, 121.1，113.0, 111.2，69.5, 69.2，52.6，34.5, 34.0’ 22.4，14.0. M S 
(EI): m/z399(M+), 176 (base peak). Anal. Calcd C, 72.15; H, 8.33; N, 3.51. Found 
C, 72.08; H，8.29; N, 3.56. 
N-(3 ,5 -Dimethy lpheny l ) benzomonoaza-15-crown-5 (115) . 
Compound 115 was prepared following the same method as described for the 
preparation of 112 from sodium hydride (4.12 g, 22.6 mmol, 60% dispersion in 
paraffin oil), l,2-bis(2-tosyloxyethoxy)benzene (111) (5.07 g, 10 mmol), and 3,5-
dimethyl-A^,A^-bis(2-hydroxyethyl)aniline (103) (2.09 g, 10 mmol) in dry T H F (800 
ml). The crude product was purified by column chromatography with chloroform as 
eluent yielding a light yellow solid. Pure product was obtained by recrystallization from 
ethyl acetate as colorless needles (1.23 g, 33%). M p . 114-115。C. IR (KBr pellet): 
3425w, 3063w, 2922s, 2865m，1597s，1507s, 1482m, 1450m，1346m, 1258s, 
1218s, 1258s, 1218s，1193m，1127s’ 1087ms, 1053s’ 928m, 815m, 744s，693w cm" 
1. ^H N M R : 6 6.93-6.85 (m, 4H, ArN), 6.35 (s, lH, ArH), 6.29 (s, 2H, ArN), 4.12 
(t, J= 4.1 Hz, 4H, ArOCH2CH2O), 3.90-3.70 (m, 8H, OCH2CH2OCH2CH2O), 
3.61 (t, J = 6 . 1 Hz, 4H, OCH2CH2N), 2.27 (s, 6H, ArCi%). ^ ¾ N M R : 6 148.8， 
147.4，138.8，121.1，117.9，113.0，109.2，69.6’ 69.5，69.2, 52.5, 21.8. M S (EI): 
m/z 371 (M+)，204 (base peak). H R M S (L-SIMS) calcd for C22H30NO4 (M+H) + 
372.2169, found 372.2156. 
A^-(4-Methoxyphenyl)monoaza-15-crown-5 (116) . In a lL three-necked 
round-bottomed flask connected with a condenser, sodium hydride (4.1g, 103 mmol), 
60% suspension in oil) was suspended in anhydrous T H F (400 ml). The suspension was 
refluxed for 1 h. A solution ofA^ ,A^ -bis(2-tosylethyl)-p-anisidine (110) (4.57g, 8.8 mmol) 
and triethylene glycoi (1.32g, 8.8 mmol) in dry T H F (350 ml) was added slowly through 
an additional funnel with vigorous stirring at refIuxing temperature. The reaction mixture 
was refluxed for 48 h. The resulting mixture was acidified with 3N hydrochloric acid (20 
ml) and then filtered. The solvent was removed by rotary evaporator. The residue was 
extracted with chloroform, dried over calcium chloride, filtered, and concentrated under 
reduced pressure. The crude product was purified by column chromatography over silica 
gel using a chloroform-ethanol mixture (99:1 v/v) as eluent yielding a pale brown liquid 
which was recrystallized from hexane as a white solid (1.14g, 40%). 'H N M R : 6 6.64 (d, 
J = 8.9 Hz, 2H, ArH), 6.80 (d, J = 9.0 Hz, 2H, ArH), 3.63-3.74 (m, 20H), 3.54 (t, J = 
6.1 Hz, 3H, OCH2C772N). 1¾ N M R : 6 151.0, 142.1，114.8，112.9，71.1, 70.0 (two 
overlapping signals), 68.7，55.7，52.7. M S (EI): m/z 325 (M+, base peak). 
N-(4-Methoxyphenyl)-l-aza-7,10-dioxa-4,13-dithiacyclopenta-
decane (117) . Compound 117 was synthesized following the same procedure as 
previously described for 116 using A^ ,A^ -bis(2-tosylethyl)-p-anisidine (110) (5.20g, 10 
mmol) and 3,6-dithiaoctane-l,8-diol (105) (1.82g, 10 mmol) in dry T H F (800 ml). The 
crude product was purified by column chromatography with chloroform as eluent yielding 
apale brown liquid(l.llg, 31%). 'H N M R : 5 6.81 (d,7= 9.2 Hz, 2H, MH), 6.70 (d, J 
=9.1 Hz, 2H, AvH), 3.76 (s, 3H, ArOCH3), 3.69 (t+t, 8H, SCH2CH2OCH2CH2N)， 
3.53 (t,7=5.0 Hz, 4H, OCH^CH^N), 2.88 (s, 4H, SCU^CH^S), 2.73 (t, J= 5.9 Hz, 
4H, SC^2CH2O). 1¾ N M R : 5 151.9，143.2’ 115.1, 114.7, 72.2, 69.8，55.7, 52.5， 
32.7, 31.5. M S (EI): m/z 357 (M+), 83 (base peak). H R M S (L-SEVlS) calcd for 
C17H28NO3S2 (M+H)+ 358.1505，found 358.1517. 
N ' (4-Methoxy phenyl) monoazatetrathia-15-crow n-5 (118) . 
Compound 118 was synthesized following the same procedure as previously described 
for 116 using N,A^ -bis(2-tosylethyl)-/?-anisidine (110) (2.29 g, 4.4 mmol) and 3,6-di-
thiaoctane-1,8-di-thiol (106) (0.94 g, 10 mmol) in dry T H F (400 ml). The crude 
product was puAfied by column chromatography with chloroform as eluent yielding a 
pale yellow solid (686 mg, 50%). IR (KBr pellet): 3428w, 2993w, 2924m，2830w, 
1614w, 1571w, 1513s，1425m, 1355w, 1275m (C-0-C), 1244s，1184s, 1140m (C-
0-C), 1030m’ 814m, 763w, 680m cm\ ^H N M R : 6 6.82 (d, J = 9.0 Hz, 2H, AsH), 
6.61 (d, J = 8.9 Hz, 2H, ArH), 3.73 (s, 3H, ArOCH3), 3.46 (t, J = 7.8 Hz, 4H, 
SCH2CH2N), 2.80-2.60 (s+t, 16H, CH2SCH2CH2SCH2CH2N). ^ ¾ N M R : 6 151.6， 
140.9，114.9，113.6’ 55.5，52.5, 32.6，32.5, 32.2’ 29.1. M S (EI): m/z 389 (M+)，135 
(base peak). Anal. Calcd C, 52.40; H, 6.98; N，3.59; S, 32.91. Found C, 52.76; H, 
6.97; N, 3.76; S, 30.09. 
N- (4 -MethoxyphenyI ) - l - aza -7 , l O-dioxa-4,13-dithiacyclopenta-
decane (119). Compound 119 was synthesized following the same procedure as 
previously described for 116 using A^ ,A^ -bis(2-tosylethyl)-p-anisidine (110) (5.20 g, 
10 mmol) and 3,6-dioxaoctane-l,8-dithiol (109) (1.82 g, 10 mmol) in dry T H F (900 
ml). The crude product was purified by column chromatography over silica gel using 
chloroform as eluent yielding a pale yellow liquid (1.18 g, 33%). ^ H N M R : 6 6.83 (d, 
J == 9.1 Hz, 2H, ArH), 6.62 (d, J = 9.0 Hz, 2H, AiH), 3.80 (t, J = 5.1 Hz, 4H, 
OCH2CH2S), 3.74 (s, 3H, ArOCH3), 3.60 (s, 4H, OCH2CH2O), 3.55 (t,7=8.0 Hz, 
4H, SCH2CH2N), 2.87 (t, 7=7.9 Hz, 4H, SCH2CH2N), 2.75 (t, 7=5.1 Hz, 4H, 
OCH2CH2S). ^ ¾ N M R : 6 151.3, 141.7, 115.0，113.6，74.1’ 70.7，55.7, 52.3, 31.1， 
29.6. M S (EI): m/z 357 (M+)，61 (base peak). H R M S (L-SIMS) calcd for 
C17H28NO3S2 (M+H)+ 358.1505, found 358.1506. 
4.5. Complexation of Monoaza-15-crown-5 
Complexat ion of N-(4-methyIphenyl)benzomonoaza-15-crown-5 
(113) with KI. Potassium iodide (149 mg, 0.9 mmol) was added to a solution of N-
h 
(4-methylphenyl)benzomonoaza-15-crown-5 (113) (107 m g , 0.3 mmol) in dry 
dichloromethane (30 ml). The suspension was stirred ovemight at room temperature. 
The resulting mixture was filtered and concentrated in vacuo. The solid was 
recrystallized from dry tetrahydrofuran yielding colorless crystals. M p . 147-148 °C. 
Complexation of A^-(4-w-butylphenyl)benzomonoaza-15-crown-5 
(114) with KI. Potassium iodide (50 mg, 0.3 mmol) was added to a solution of N-
(4-«-butylphenyl)benzomonoaza-15-crown-5 (114) (40 m g , 0.1 mmol) in dry 
dichloro-methane (10 ml). The suspension was stirred ovemight at room temperature. 
The resulting mixture was filtered and concentrated in vacuo. The solid was 
recrystallized from dry tetrahydrofuran yielding colorless crystals. M p . 115-116 °C. IR 
(KBr pellet): 3065w, 2960m，2921s, 2875s，2361w, 1615m, 1595m, 1521vs, 
1508vs, 1453s, 1380s，1260vs, 1222vs, 1134s，1053s，977m，744s cm'\ M S 
(APCI): m/z400[(M+H)^ base peak)]. 
Preparation of benzomonoaza-15-crown-5-Ianthanide complexes. 
All the complexes were prepared by adding saturated solution of lanthanide nitrate (Ln 
= N d or Sm) in acetonitrile to a solution of the crown 112 in dry acetonitrile. The clear 
solution was stirred for 1 h at room temperature. The resulting solution was allowed to 
evaporated slowly to yield colorless crystals. 
Sodium picrate. In a 25 ml beaker, picric acid was added in portion to 
absolute ethanol (20 ml) to prepare a saturated solution at room temperature. The 
yellowish solution was filtered. Sodium hydroxide was added in portion to the 
saturated picric acid solution with vigorous stirring. The light yellow ppt was collected 
by filtration. The crude product was recrystallized twice from ethanol. Sodium 
hydroxide was added in portion to the filtrate until the resulting suspension was 
neutralized. The crude product was collected and recrystallized twice from ethanol. The 
yellowish crystals obtained were dried under reduced pressure. Mp. >300 °C 
Barium picrate. The procedure for the preparation of sodium picrate was 
followed. The yWlowish crystals were obtained by recrystallization from water and 
dried under reduced pressure at 40 °C ovemight. Mp. >300。C 
Extraction of metal picrates into chloroform. A 5.00 m M solution of 
the crown 116 in chloroform was prepared. An aqueous solution was prepared which 
was 5.00 m M in sodium or barium picrate and 50.00 m M in sodium or barium 
chloride. Into a 10 m L vial were placed the chloroform solution of 116 (2 m L ) and the 
aqueous solution of sodium or barium picrate and chloride (2 mL). The vial was 
stoppered. The mixture was vigorously stirred for 15 min at room temperature and then 
stood for 15 min to complete phase separation. A 0.1 m L aliquot of the aqueous phase 
was removed and diluted with water to a total volume of 10 mL. Another portion of 
sodium or barium picrate solution was extracted by chloroform which contained no 
113 and then diluted similarly with water. UV/VIS spectra were obtained for the two 
solutions，and the percent of picrate extracted in each case was calculated from the 
absorbance measured at 350 nm. 
4.6. Preparation of Tetrabromodibenzo-24-crown-8 
Dibenzo-24-crown-8 (DBC). In a 500 ml three-necked round-bottomed 
flask conneted with a condenser, catechol (33.0 g，300 mmol) was mixed with sodium 
hydroxide (12.2 g, 305 mmol) in 1-butanol (200 ml). The suspension was brought 
rapidly to reflux and vigorously stirred under nitrogen. 1,2-Bis(2-chloroethoxy)ethane 
(24.2 ml, 155 mmol) in 1-butanol (15 ml) was added dropwise through an additional 
funnel into the refluxing solution with vigorous stirring for 1 h. The resulting mixture 
was refluxed for 1 h then cooled ioca. 90 °C. Another portion of sodium hydroxide 
(12.2 g, 305 mmol) was added. The suspension was brought rapidly to reflux and 
vigorously stirred. 1,2-Bis(2-chloroethoxy)ethane (24.2 ml, 155 mmol) in 1-butanol 
(15 ml) was added dropwise through an additional funnel into the refluxing solution 
with vigorous sferring for 1 h. The final solution was refluxed for 20 h. The reaction 
mixture was cooled to room temperature and acidified by the dropwise addition of 
conc. hydrochloric acid (2 ml). Part of the solvent {ca. 70 ml) was distilled from the 
mixture. Water was then added at a sufficient rate through an additional funnel to 
maintain a constant volume in the reaction flask. The distillation was stopped as the 
distilling vapor exceeded 99 °C. The resulting slurry was cooled to room temperature, 
extracted with dichloromethane, and dried over calcium chloride. The solvent was 
removed yielding a dark brown solid. The crude product was purified by column 
chromatography over silica gel using a ethyl acetate-hexanes mixture(l:l v/v) as eluent 
yielding a pale yellow solid (40.4 g, 30%). The product was further purified by 
recrystallization from ethanol. ^ H N M R : 6 6.88 (s, 8H, kvH), 4.15 (t, J = 4.2 Hz, 8H, 
Art)CH2CH2O), 3.92 (t, J = 4.3 Hz, 8H, ArOCH2OT2O), 3.84 (s, 8H, 
OCH2CH2O). i3c N M R : 6 149.0，121.4，114.2, 71.2, 69.9’ 69.4. M S (L-SIMS): 
m/z449.23(M+H)+. 
Tetrabromodibenzo-24-crown-8 (Br4DBC). In a 50 ml two-necked 
round-bottomed flask connected with an air condenser, dibenzo-24-crown-8 (DBC) 
(4.48 g, 10.0 mmol), iron (78 mg, 1.4 mmol) and iodine (355 mg, 1.4 mmol) were 
mixed in dichloromethane (30 ml). Bromine (2.2 ml) in dichloromethane (3 ml) was 
slowly added to the suspension at 0 °C with stirring. The resulting mixture was stirred 
ovemight at room temperature, then poured into 10% aqueous sodium hydroxide (30 
ml). The aqueous layer was separated and extracted with dichloromethane. The 
combined organic layers were washed with water and dried over magnesium sulfate. 
The solvent was removed by rotary evaporator yielding a light brown solid (8.14 g). 
The crude product was purified by column chromatography with ethyl acetate-hexane 
(3:2 v/v) as eluent yielding a pale yellow solid (4.05 g, 53%) which was recrystallized 
from ethanol as colorless crystals. ^H N M R : 6 7.06 (s, 4H, ArH), 4.10 (t, J 二 4.2 Hz, 
8H, ArOCH2CH2O), 3.88 (t, J = 4.2 Hz, 8H, ArOCPfeC^O)，3.79 (s, 8H, 
OCH2CH2O). i3c N M R : 6 148.8, 118.4，115.2, 71.3, 69.7，69.6. M S (MALDI-
TOF): m/z764.k(M+H)^. Anal. Calcd C, 37.73; H, 3.69. Found C, 37.40; H, 3.56. 
4.7. Complexation of Tetrabromodibenzo-24-crown-8 
[Br4DBC Pb (DHB-H)]^. Tetrabromodibenzo-24-crown-8 (Br4DBC) 
was dissolved in dichloromethane at a concentration of 5g/L. 2,5-Dihydroxybenzoic 
acid (DHB) was dissolved in acetone at a concentration of lOOg/L. Lead(II) nitrate was 
dissolved in deionized water to give a final concentration of 5g/L. Sample was prepared 
by successive deposition of 0.5pdL of Br4DBC, D H B , and finally lead(II) nitrate 
solutions onto the sample plate. Samples were dried in ambient conditions before 
insertion into the mass spectrometer. The spectrum was aquired in positive-ion mode. 
Fifties of individual spectrum were accumulated to improve signal-to noise ratios. M S 
(MALDI-TOF): m/z 1124.8 Pr4DBC + Pb + (DHB - H)]+ 
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Appendix 1. ^ H N M R spectrum of A^-(4-methylphenyl)benzomonoaza-lScrown-5 
(113) in CDCl3 
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Appendix 2. ^H N M R spectrum of A^-(3,5-dimethylphenyl)benzomonoaza-lS 
crown-5(115) in CDCl3 
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Appendix 3. ^H N M R spectrum of A^-(4-methoxyphenyl)-l-aza-4,7,10,13-tetrathia-
cyclopentadecane (118) in CDCl3 
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Appendix 4. ^H N M R spectrum of iV-(4-methoxyphenyl)-l-aza-7,10-dioxa-4,13-
dithiacyclopentadecane(l 19) in CDCl3 
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Appendix 6. C N M R spectra of mixed aza-, oxa-, and thia-crown compounds 
1 1 6 - 1 1 9 inCDCl3 
Appendix 7. Crystallographic data of A^-(4-methoxyphenyl)benzomonoaza-lS 
crown-5 (112) 
^ 
D a t a C o l l e c t i o n 
D i f f r a c t o m e t e r U s e d R i g a k u R A X I S I I c 
R a d i a t i o n M o K a (X = 0 . 7 1 0 7 3 A ) 
T e m p e r a t u r e (K) 294 
M o n o c h r o m a t o r H i g h l y o r i e n t e d g r a p h i t e c r y s t a l 
26 R a n g e 3 . 0 t o 5 5 . 0° 
S c a n T y p e a n d R a t e T a k e 45 o s c i l l a t i o n p h o t o s ; 
<i> = 0 - 180°, A 0 = 4°; 
12 m i n . p e r f r a m e . 
C r y s t a l t o d e t e c t o r d i s t a n c e 6 9 . 5 9 5 m m 
B a c k g r o u n d l e v e l - 8 0 
I n d e x R a n g e s 0 < h < 1 0 , - 1 0 :^ k < 10 
- 3 5 < 1 < 35 
R e f l e c t i o n s C o l l e c t e d 5 8 8 3 
I n d e p e n d e n t R e f l e c t i o n s 3 4 3 1 (R = 2 . 7 7 % ) 
int 
O b s e r v e d R e f l e c t i o n s 2 9 2 2 (F > 6 . Oo"(F)) 
A b s o r p t i o n C o r r e c t i o n N / A 
S o l u t i o n a n d R e f i n e m e n t 
S y s t e m U s e d S i e m e n s S H E L X T L P L U S (PC V e r s i o n ) 
S o l u t i o n D i r e c t M e t h o d s 
R e f i n e m e n t M e t h o d F u l l - M a t r i x L e a s t - S q u a r e s 
^ 2 
Q u a n t i t y M i n i m i z e d Yvj(F-F ) 
o c 
A b s o l u t e S t r u c t u r e N / A 
E x t i n c t i o n C o r r e c t i o n X 二 0 . 0 0 5 0 ( 3 ) , w h e r e 
• 2 - 1 / 4 
F = F [ 1 + 0 . 0 0 2 x F / s i n ( 2 0 ) ] ‘ 
H y d r o g e n A t o m s R i d i n g m o d e l , f i x e d i s o t r o p i c U 
- 1 2 2 
W e i g h t i n g S c h e m e w = a (F) + 0 . 0 0 0 1 F 
N u m b e r of P a r a m e t e r s R e f i n e d 244 
F i n a l R I n d i c e s ( o b s , d a t a ) R = 4 . 3 2 % , w R = 4 . 6 5 % 
R I n d i c e s (all d a t a ) R = 5 . 9 1 % , w R = 3 3 . 3 1 % 
G o o d n e s s - o f - F i t 2 . 0 9 
L a r g e s t a n d M e a n A / a 0 . 0 2 0 , 0 . 0 0 1 
• 
D a t a - t o - P a r a m e t e r R a t i o 1 2 . 0 : 1 
.-3 
L a r g e s t D i f f e r e n c e P e a k 0 . 2 8 e A 
.-3 
L a r g e s t D i f f e r e n c e H o l e - 0 . 2 0 e A 
, 4 
T a b l e 1 . A t o m i c c o o r d i n a t e s (xlO ) a n d e q u i v a l e n t i s o t r o p i c 
• 2 3 
d i s p l a c e m e n t c o e f f i c i e n t s (人 xlO ) 
X y z U ( e q ) 
0 ( 1 ) 9 3 5 9 ( 2 ) 1 1 6 1 2 ( 2 ) 3 0 1 5 5 7 ( 1 ) 
0 ( 2 ) 8 0 0 2 ( 2 ) 8 8 9 9 ( 2 ) 2 8 8 0 ( 1 ) 5 3 ( 1 ) 
0 ( 3 ) 1 0 3 9 1 ( 2 ) 1 2 0 3 2 ( 2 ) 3 9 6 0 ( 1 ) 6 1 ( 1 ) 
0 ( 4 ) 8 0 4 8 ( 2 ) 7 0 1 5 ( 2 ) 3 7 9 0 ( 1 ) 5 0 ( 1 ) 
0 ( 5 ) 4 7 5 8 ( 2 ) 1 0 4 4 6 ( 3 ) 6 1 2 5 ( 1 ) 8 9 ( 1 ) 
N ( 1 ) 9 4 0 6 ( 2 ) j 9 6 5 8 ( 3 ) 4 7 5 7 ( 1 ) 5 5 ( 1 ) 
C ( 1 ) 9 7 3 6 ( 2 ) ‘ 1 0 8 3 2 ( 3 ) 2 5 9 8 ( 1 ) 5 0 ( 1 ) 
C ( 2 ) 8 9 8 1 ( 2 ) 9 3 6 6 ( 3 ) 2 5 2 0 ( 1 ) 4 9 ( 1 ) 
C ( 3 ) 9 2 7 0 ( 3 ) 8 4 7 1 ( 3 ) 2 1 1 2 ( 1 ) 6 1 ( 1 ) 
C ( 4 ) 1 0 3 4 9 ( 3 ) 9 0 2 9 ( 4 ) 1 7 8 3 ( 1 ) 7 6 ( 1 ) 
C ( 5 ) 1 1 1 1 3 ( 3 ) 1 0 4 6 8 ( 3 ) 1 8 6 1 ( 1 ) 7 5 ( 1 ) 
C ( 6 ) 1 0 8 0 1 ( 3 ) 1 1 3 8 3 ( 3 ) 2 2 6 2 ( 1 ) 7 0 ( 1 ) 
C ( 7 ) 1 0 2 5 2 ( 3 ) 1 2 9 6 9 ( 3 ) 3 1 6 4 ( 1 ) 6 3 { 1 ) 
C ( 8 ) 9 8 3 6 ( 3 ) 1 3 3 2 1 ( 3 ) 3 6 7 2 ( 1 ) 6 4 ( 1 ) 
C ( 9 ) 1 0 2 6 6 ( 3 ) 1 2 3 4 9 ( 3 ) 4 4 5 7 ( 1 ) 6 7 ( 1 ) 
C ( 1 0 ) 1 0 6 4 0 ( 2 ) 1 0 8 3 2 ( 3 ) 4 7 3 0 ( 1 ) 6 0 ( 1 ) 
C ( 1 1 ) 9 3 4 6 ( 2 ) 8 3 2 9 ( 3 ) 4 4 1 4 ( 1 ) 5 1 ( 1 ) 
C ( 1 2 ) 8 2 0 5 ( 2 ) 8 5 7 0 ( 3 ) 4 0 0 6 ( 1 ) 4 5 ( 1 ) 
C ( 1 3 ) 6 9 7 2 ( 2 ) 6 8 9 8 ( 3 ) 3 4 0 6 ( 1 ) 5 1 ( 1 ) 
C ( 1 4 ) 7 6 8 2 ( 2 ) 7 2 0 3 ( 3 ) 2 9 2 5 ( 1 ) 5 2 ( 1 ) 
C ( 1 5 ) 8 2 4 1 ( 2 ) 9 8 1 1 ( 3 ) 5 1 0 0 ( 1 ) 4 6 ( 1 ) 
C ( 1 6 ) 7 0 7 9 ( 2 ) 8 6 7 4 ( 3 ) 5 1 4 7 ( 1 ) 5 3 ( 1 ) 
C ( 1 7 ) 5 9 0 2 ( 2 ) 8 8 3 5 ( 3 ) 5 4 8 4 ( 1 ) 5 8 ( 1 ) 
C ( 1 8 ) 5 8 7 0 ( 2 ) 1 0 1 5 8 ( 3 ) 5 7 8 4 ( 1 ) 5 9 ( 1 ) 
C ( 1 9 ) 7 0 2 8 ( 3 ) 1 1 2 9 7 ( 3 ) 5 7 4 9 ( 1 ) 6 0 ( 1 ) 
C ( 2 0 ) 8 1 8 9 ( 2 ) 1 1 1 5 5 ( 3 ) 5 4 1 4 ( 1 ) 5 5 ( 1 ) 
C ( 2 1 ) 3 5 4 5 ( 4 ) 9 3 5 3 ( 4 ) 6 1 6 6 ( 2 ) 1 3 5 ( 1 ) 
* E q u i v a l e n t i s o t r o p i c U d e f i n e d a s o n e t h i r d of t h e 
t r a c e of t h e o r t h o g o n a l i z e d U ^ ^ t e n s o r 
• 2 3 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t c o e f f i c i e n t s (A x l O ) 
U U U U U U 
11 22 33 12 13 23 
0 ( 1 ) 5 3 ( 1 ) 4 5 ( 1 ) 7 3 ( 1 ) - 9 ( 1 ) 9 ( 1 ) - 4 ( 1 ) 
0 ( 2 ) 5 4 ( 1 ) 5 0 ( 1 ) 5 5 ( 1 ) - 7 ( 1 ) 8 ( 1 ) - 4 ( 1 ) 
0 ( 3 ) 6 5 ( 1 ) 4 7 ( 1 ) 6 9 ( 1 ) 4 ( 1 ) - 2 ( 1 ) - 3 ( 1 ) 
0 ( 4 ) 5 3 ( 1 ) 4 2 ( 1 ) 5 5 ( 1 ) 1 ( 1 ) - 6 ( 1 ) - 5 ( 1 ) 
0 ( 5 ) 1 0 0 ( 1 ) 9 1 ( 1 ) 7 6 ( 1 ) 7 ( 1 ) 3 3 ( 1 ) - 1 1 ( 1 ) 
N ( 1 ) 4 7 ( 1 ) 6 2 ( 1 ) 5 4 ( 1 ) - 3 ( 1 ) 0 ( 1 ) - 1 4 ( 1 ) 
C ( 1 ) 4 9 ( 1 ) . 4 3 ( 1 ) 5 6 ( 1 ) 5 ( 1 ) 5 ( 1 ) 7 ( 1 ) 
C ( 2 ) 4 5 ( 1 ) ^ 5 7 ( 1 ) 4 4 ( 1 ) 1 ( 1 ) - 3 ( 1 ) 6 ( 1 ) 
C { 3 ) 6 1 ( 1 ) 7 0 ( 1 ) 5 0 ( 1 ) - 1 ( 1 ) - 1 ( 1 ) - 1 ( 1 ) 
C ( 4 ) 8 1 ( 1 ) 9 6 ( 1 ) 5 0 ( 1 ) 9 ( 1 ) 1 0 ( 1 ) 5 ( 1 ) 
C ( 5 ) 8 2 ( 1 ) 7 6 ( 1 ) 6 8 ( 1 ) 5 ( 1 ) 2 5 ( 1 ) 1 7 ( 1 ) 
C ( 6 ) 7 2 ( 1 ) 6 0 ( 1 ) 7 9 ( 1 ) - 1 ( 1 ) 1 7 ( 1 ) 1 8 ( 1 ) 
C ( 7 ) 7 0 ( 1 ) 3 8 ( 1 ) 8 0 ( 1 ) - 1 0 ( 1 ) - 3 ( 1 ) 1 0 ( 1 ) 
C ( 8 ) 6 8 ( 1 ) 3 1 ( 1 ) 9 4 ( 1 ) - 3 ( 1 ) - 1 1 ( 1 ) - 7 ( 1 ) 
C ( 9 ) 7 0 ( 1 ) 5 6 ( 1 ) 7 5 ( 1 ) - 1 3 ( 1 ) - 5 ( 1 ) - 1 1 ( 1 ) 
C ( 1 0 ) 5 0 ( 1 ) 6 9 ( 1 ) 6 2 ( 1 ) - 5 ( 1 ) - 1 0 ( 1 ) - 3 ( 1 ) 
C ( 1 1 ) 4 9 ( 1 ) 5 7 ( 1 ) 4 8 ( 1 ) 7 ( 1 ) - 2 ( 1 ) - 1 1 ( 1 ) 
C ( 1 2 ) 4 6 ( 1 ) 4 3 ( 1 ) 4 8 ( 1 ) 4 ( 1 ) - 2 ( 1 ) - 6 ( 1 ) 
C ( 1 3 ) 4 5 ( 1 ) 5 3 ( 1 ) 5 4 ( 1 ) - 1 0 ( 1 ) - 3 ( 1 ) - 5 ( 1 ) 
C ( 1 4 ) 5 5 ( 1 ) 4 5 ( 1 ) 5 5 ( 1 ) - 1 1 ( 1 ) - 1 ( 1 ) - 9 ( 1 ) 
C ( 1 5 ) 5 0 ( 1 ) 4 9 ( 1 ) 4 1 ( 1 ) 1 ( 1 ) - 1 0 ( 1 ) - 4 ( 1 ) 
C ( 1 6 ) 5 7 ( 1 ) 5 1 ( 1 ) 5 2 ( 1 ) - 1 ( 1 ) - 2 ( 1 ) - 4 ( 1 ) 
C ( 1 7 ) 6 4 ( 1 ) 5 8 ( 1 ) 5 4 ( 1 ) 1 ( 1 ) 2 ( 1 ) - 3 ( 1 ) 
C ( 1 8 ) 6 7 《 1 ) 6 6 ( 1 ) 4 3 ( 1 ) 7 ( 1 ) 6 ( 1 ) - 1 ( 1 ) 
C ( 1 9 ) 7 9 ( 1 ) 5 9 ( 1 ) 4 3 ( 1 ) 8 ( 1 ) - 1 0 ( 1 ) - 1 3 ( 1 ) 
C ( 2 0 ) 6 2 ( 1 ) 5 5 ( 1 ) 4 9 ( 1 ) 2 ( 1 ) - 1 4 ( 1 ) - 1 0 ( 1 ) 
C ( 2 1 ) 1 4 9 ( 1 ) 1 0 5 ( 1 ) 1 5 0 ( 1 ) - 4 ( 1 ) 9 4 ( 1 ) 2 ( 1 ) 
T h e a n i s o t r o p i c d i s p l a c e m e n t e x p o n e n t t a k e s t h e f o r m : 
2 2 2 
-27T (h a* Uii + … + 2hka*b*U^2) 
T a b l e 5 . H - A t o m c o o r d i n a t e s (xlO ) a n d i s o t r o p i c 
• 2 3 
displacement coefficients (A xlO ) 
X y z U 
H ( 3 A ) 8 7 2 3 7 4 7 6 2 0 5 8 100 
H ( 4 A ) 1 0 5 4 9 8 4 1 6 1497 100 
H ( 5 A ) 1 1 8 9 8 1 0 8 1 1 1 6 4 1 100 
H ( 6 A ) 1 1 3 1 7 1 2 3 9 9 2 3 1 1 100 
H ( 7 A ) 1 0 0 5 3 1 3 8 8 2 2 9 6 0 100 
H { 7 B ) 1 1 3 2 8 . 1 2 7 0 8 3 1 4 4 1 0 0 
H ( 8 A ) 1 0 3 1 0 、 1 4 3 1 7 3 7 7 1 100 
H ( 8 B ) 8 7 3 9 1 3 4 2 7 3 7 0 3 100 
H ( 9 A ) 9 2 2 7 1 2 6 6 3 4 5 3 0 1 0 0 
H ( 9 B ) 1 0 9 4 0 1 3 2 1 9 4 5 4 9 1 0 0 
H ( l O A ) 1 1 5 1 2 1 0 3 2 8 4 5 7 9 1 0 0 
H ( l O B ) 1 0 9 3 4 1 1 1 2 2 5 0 5 0 1 0 0 
H ( l l A ) 9 0 4 1 7 3 6 6 4 5 8 2 1 0 0 
H ( l l B ) 1 0 3 5 5 8 1 4 4 4 2 8 3 100 
H ( 1 2 A ) 7237 8 9 6 7 4 1 2 4 100 
H ( 1 2 B ) 8 6 1 8 9 3 3 2 3 7 8 0 1 0 0 
H ( 1 3 A ) 6145 7 6 5 1 3 4 5 7 1 0 0 
H ( 1 3 B ) 6544 5824 3 4 0 8 100 
H ( 1 4 A ) 8619 6 5 9 5 2 8 9 2 100 
H《14B) 6989 6 8 7 6 2 6 7 5 100 
H ( 1 6 A ) 7086 7 7 5 0 4 9 3 8 100 
H ( 1 7 A ) 5112 8 0 2 5 5 5 0 5 100 
H ( 1 9 A ) 7 0 2 8 1 2 2 0 3 5 9 6 5 100 
H ( 2 0 A ) 8974 1 1 9 7 2 5 3 9 0 100 
H ( 2 1 A ) 2 8 8 0 9 7 0 4 6 4 2 0 120 
H ( 2 1 B ) 2987 9 3 5 9 5869 120 
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